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Catalytic  kefonization  of  acids  has  been  known  since  1895  when  Squibbe  [1]  proposed  the  preparation  of 
acetone  by  passing  CII3COOII  vapor  ever  calciumnr  barium  carbonate  at  500-600*.  The  three  reaction  schemes 
proposed  up  to  the  present  time  may  i)e  represented  in  the  following  way  on  the  example  of  the  ketonization  of 


acetic  acid 


CII.tCOOII  1-  MeCOo 


(Cii3(:oo).,Mo 

2) 

- (C!1:,<:0)vD 


_ <;ii;,c()(;ii3 


cii;,(:ocii.>(;()uii 


A  number  of  authors  [2-6]  consider  that  the  vapor-phase  ketonization  of  acids  proceeds  through  the  inter¬ 
mediate  formation  of  salts  of  the  starling  carboxylic  acids,  which  decompose  to  ketone  and  metal  carbonate  (or 
oxide  and  COj)  (scheme  1).  However,  there  is  the  opinion  [7,  8]  that  the  intermediate  stage  of  the  process  is  the 
formation  of  the  anhydride,  which  may  be  obtained  both  directly  from  the  starting  acid  and  from  its  salt  (scheme  2), 
but  acetic  anliydridc  is  not  detected  as  an  intermediate  compound  in  ketonization  due  to  its  rapid  hydration  to 
CH3COOII.  The  appearance  of  the  latter  in  the  products  of  dry  distillation  of  acetates  serves  as  an  indirect  demon¬ 
stration  of  the  accuracy  of  ilie  given  scheme. 

The  impossibility  of  obtaining  ketones  from  a,  a- substituted  acids  [9]  led  to  the  hypothesis  that  ketonization 
proceeds  with  the  intermediate  formation  of  3-keto  acids  or  their  salts  (scheme  3)  [10,  11].  However,  it  was  recent¬ 
ly  shown [12]  that  at  490*  over  ThOj,  trimethylacetic  acid  gives  tert- butyl  isobutyl  ketone,  which  cannot  be  obtained 
tlirough  the  6 -koto  acid. 

The  mechanism  of  vapor- phase  ketonization  and  decomposition  of  carboxylic  acid  salts  has  been  regarded  as 
ionic  [1,  11,  13,  14],  radical  [4,  5,  12,  15],  or  autocatalytic  [14]. 

Ketonization  is  used  practically  for  the  preparation  of  simple  and  mixed  ketones  and  the  most  active  cata¬ 
lysts  arc  Th02,  Ce02,  CaC03,  BaC03,  ZnO,  and  CdO  [16].  The  differing  reaction  schemes  discussed  above  leave 
open  the  problem  of  the  true  stages  of  the  process  and  the  specific  action  of  the  catalyst. 

It  may  be  stated  that  apart  from  the  case  of  [5],  the  schemes  proposed  were  not  based  on  a  study  of  the 
kinetics  of  this  reaction  or  the  decomposition  of  acetates.  In  addition,  no  phase  analysis  of  catalysts  after  their 
use  was  given  in  any  of  the  work  cited;  the  results  obtained  in  [17]  indicate  the  need  for  x-ray  investigation  of 
catalysts  for  selecting  the  reaction  scheme.  In  cormection  with  what  has  been  presented,  we  undertook  a  detailed 
study  over  a  wide  temperature  range  of  the  vapor- phase  ketonization  of  acetic  acid  on  carbonates  and  oxides  of 
metals  of  various  valences  and  the  topochemical  decomposition  of  metal  acetates;  it  was  considered  tliat  a  com¬ 
parison  of  these  data  with  the  results  of  phase  analysis  of  the  catalysts  ;uid  the  cliangcs  in  surface  area  and  specific 
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Fig.  1.  Change  in  free  energy  with  tem¬ 
perature  for  the  formation  of  calcium  (1), 
strontium  (2),  and  barium  (3)  acetates  from 
the  corresponding  carbonates. 


Fig.  2.  Change  in  free  energy  with  tempera¬ 
ture  for  the  decomposition  of  calcium  (1), 
strontium  (2),  and  barium  (3)  acetates. 


activity  would  make  it  possible  to  draw  unequivocal  conclusions  on  the  reaction  mechanism.  At  the  same  time, 
we  hoped  to  obtain  data  on  the  comparative  activity  of  metal  oxides  and  carbonates  in  relation  to  their  basicity 
and  also  data  on  the  activity  of  mixed  catalysts. 

In  the  present  work  we  present  the  results  of  studying  the  ketonization  of  CH3COOH  on  carbonates  of  alkaline 
earth  metals,  the  decomposition  of  whose  acetates  was  studied  by  us  previously  [18], 


EXPERIMENTAL 

Thermodynamic  data.  To  determine  the  possibility  of  the  intermediate  formation  of  acetates  during  keto- 
nization,  as  described  previously  [18],  we  calculated  the  change  in  free  energy  Af  for  the  reactions; 

i)  McCOa.  +2CII3COOH  =  Mc(CH3COO)2  -h  112^^ -f  COz^. 

s'  ■  S  ®  6 

2)  Mo{CH3COO)2  =  .\leC03  -fCllaCOCII^p 

S  S  o 

where  Me  =  Mg,  Ca,  Sr,  Ba.  The  data  obtained,  which  are  illustrated  in  Figs.  1  and  2,  show  the  change  in  Ap  with 
temperature  for  the  formation  and  decomposition  of  calcium,  strontium,  and  barium  acetates.  Calculation  gives 
Af  =  n  kcal/mole  for  the  decomposition  of  magnesium  acetate.  The  fact  that  this  obviously  high  value  for  the 
decrease  in  free  energy  was  obtained  apparently  indicates  that  the  reaction  actually  proceeds  according  to  another 
scheme. 

Catalysts.  MgCOz  was  obtained  from  basic  magnesium  carbonate  by  the  action  of  acid- free  COj  at  200*. 

The  catalyst  was  pressed  into  cylinders  2  mm  in  diameter  and  had  a  bulk  weight  of  0.19  g/cc.  The  starting  basic 
magnesium  carbonate  was  obtained  by  precipitation  with  sodium  carbonate  from  MgClz  solution  at  50-60*. 

CaCOz  was  precipitated  from  nitrate  solution  with  ammonium  carbonate  at  room  temperature.  The  precip¬ 
itate  was  washed  with  water  to  a  negative  reaction  for  NO3'  to  diphenylamine.  formed,  and  dried  at  100*.  The 
bulk  weight  of  the  CaCOz  was  1.04  g/ cc.  SrCOz  and  BaCOz  were  obtained  by  the  action  of  purified  CO2  on  solutions 
of  recrystaUized  hydroxides.  The  colloidal  precipitates  formed  were  coagulated  with  NHiOH,  washed,  collected  by 
filtration,  and  dried  after  forming  at  100*.  The  bulk  weight  of  SrCOz  was  0.94  g/ cc  and  of  BaCOz,  0.74  g/ cc 
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Fig.  3.  Catalytic  activity  of  alkaline  earth  metal  car¬ 
bonates  in  vapor- phase  ketonization  of  CH^OOH. 


Ferro-  and  paramagnetic  impurities  were  shown  to  be 
absent  from  the  CaC03,  SrCOs,  and  BaCOs  by  measurement  of 
the  magnetic  surceptibility  by  Gouy's  method;  they  all  showed 
diamagnetic  susceptibility.  The  specific  surfaces  of  the  carbonates, 
measured  by  a  dynamic  method  from  the  adsorption  of  benzene 
vapor  at  20®  [19]  both  before  and  after  experiments  on  ketoniza¬ 
tion  of  CH3COOH,  were  of  the  order  of  3  m^/ g,  i.e.,  these  cata¬ 
lysts  were  nonporous  adsorbents. 

The  catalysts  were  subjected  to  x-ray  phase  analysis  before 
and  after  experiments  on  ketonization.  The  x-ray  diffraction 
patterns  were  obtained  in  standard  PRK-2  cameras  by  the  powder 
method  with  copper  radiation  with  =  1.537;  the  8-radia¬ 
tion  was  removed  with  a  Ni  filter.  The  exposure  on  an  Agfa- 
Liuefilm  at  34  mv  and  14  ma  was  2-4  hr.  The  phases  were 
identified  from  tabular  data  [20]  and  also  by  comparing  the  x-ray 
diffraction  patterns  of  the  starting  and  used  catalysts.  Before  phase 
analysis,  samples  of  used  catalysts  were  flushed  with  nitrogen  in 
the  reaction  tube  to  remove  adsorbed  substances. 

Working  Procedure  and  Results  of  Vapor-Phase  Catalytic  Ketonization  of  CH3COOH 

The  experiments  were  carried  out  v/ith  frozen  and  distilled  glacial  acetic  acid  in  a  flow  apparatus  at  a  space 
velocity  ol  1-33  hr'^  over  the  temperature  range  from  350  to  GOO®.  The  tetnperature  was  measured  with  chromel- 
copcl  or  cliromel-alumel  tliermocouples,  introduced  into  the  center  of  the  catalyst  bed,  and  controlled  by  an 
electronic  relay  (ERM-47)  with  an  accuracy  of  about  ±1®.  A  steady  input  of  acetic  acid  was  provided  by  an  elec¬ 
trolytic  injector  [21]  or  an  injection  burette  [22]. 

The  complete  trapped  gaseous  reaction  products  were  analyzed  on  a  VTI-1  apparatus.  The  rate  of  acetone 
formation  was  determined  from  the  amount  of  CO2  liberated.  The  eudiometer  and  levelling  vessel  of  the  VTI-1 
were  filled  with  satrjated  MgCl2  solution,  which  absorbed  less  of  the  gases  analyzed  than  other  absorber  solutions. 

The  results  of  measuring  the  catalytic  activity  with  a  space  velocity  of  1  hr'^  are  given  graphically  in  Fig.  3 
v.’here  the  temperature  is  plotted  along  the  abscissa  axis  and  tlie  activity  (a),  expressed  in  ml  of  CO2  (under  normal 
conditions)  formed  during  the  ketonization  of  1  ml  of  CH3COOII  (the  complete  conversion  of  1  ml  of  CH3COOH 
into  acetone  corresponds  to  the  formation  of  196  ml  of  C02\  along  the  ordinate.  The  activation  energies  of  ketoni¬ 
zation  were  found  graphically  (Fig.  4)  for  the  tetnperature  range  from  436  to  492*  at  high  space  velocities,  when 
the  reaction  obeyed  a  zero -order  equation  (for  CaC03,  21. G  lir'^  and  for  SrC03  and  BaC03,  6.0  hr*^).  The  degree 
of  conversion  under  these  conditions  was  from  5  to  40°Io. 


Fig.  4.  Activation  energy  of  CH3COOH 
ketonization  over  the  following  carbonates: 
1)  calcium  =  27.6  kcal/mole),  2) 

strontium  (E^ct.  =  34.5  kcal/molc),  3) 
barium  (Ej^^-j  =  39.9  kcal/mole). 
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Before  operation 


lases: 


Tile  tlicrmodynamic  data  illustrated  in  Fig.  1  show  that  the  formation  of  acetate  in  the  temperature  range 
.hSO-srjO*  proceeds  with  a  large  decrease  in  free  energy.  The  equilibrium  yields  corresponding  to  the  change  in 
free  energy  lie  in  the  scries  CaC03  >  SrC03  >  BaC03  at  350*  and  CaC03  <  SrC03  <  BaC03  at  550*.  In  the  forma¬ 
tion  of  calcium  acetate,  the  temperature  coefficient  of  the  change  in  free  energy  is  very  low. 

The  change  in  free  energy  is  insignificant  for  the  decomjiosition  of  calcium,  strontium,  and  barium  acetates. 
The  equilibrium  yields  corresponding  to  the  change  in  free  energy  change  in  the  series  B3AC2  >  SrAc2  >  CaAc2  at 
350"  and  BaAc2  <  SrAc2  <  CaAc2  at  550.  The  change  in  free  cn  :rgy  becomes  positive  below  350“  and  consequently 
acetates  do  not  decompose  below  this  temperature,  which  agrees  well  with  experimental  data  (18].  Thus,  ketoniza- 
tionover  calcium,  strontium,  and  barium  carbonates  with  the  intermediate  formation  of  the  corresponding  acetates 
is  thermodynamically  possible. 

Data  from  the  phase  analysis  of  BaC03  and  CaC03  are  given  in  Fig.  5  as  schematic  :<-ray  diffraction  patterns: 
the  line  intensities  arc  plotted  along  the  ordinate  axis  and  the  intcrplanar  distances  (in  A)  along  the  abscissa.  As 
Fig.  5  shows,  the  x-ray  diffraction  patterns  of  the  starting  and  used  catalysts  differed  sharply.  In  actual  fact,  cata¬ 
lysts  used  in  experiments  at  temperatures  up  to  470*  contained  acetate  in  addition  to  carbonate.  X-ray  diffraction 
patterns  of  strontium  carbonate  before  and  after  operation  gave  the  same  picture,  while  in  the  case  of  MgC03,  the 
phase  composition  of  used  catalyst  was  more  complex  due  to  the  pre.sence  of  oxide  and  basic  carbonates  of  Mg. 

A  comparison  of  data  from  thermodynamic  calculations  with  experimental  results  on  vapor- phase  catalytic 
ketenization  of  acetic  acid  and  thermal  decomposition  ot  magnesium,  calcium,  and  strontium  acetates  [18]  and 
also  data  from  phase  analysis  of  the  catalysts  makes  it  possible  to  draw  the  following  conclusions. 

1)  Ketonization  docs  not  occur  at  temperatures  below  the  decomposition  point  of  the  corresponding  acetates. 
Instead  of  acetone,  CO2  is  lormed  and  the  amount  of  it  corresponds  stoichiometrically  to  the  equation: 

MeV'.O.i  +  2CII3COOH  .Mo((',1F;,COO)2  f  (’Oo  IhAJ. 

According  to  x-ray  data,  the  spent  catalyst  consists  solely  of  acetate.  (The  activity  of  calcium  carbonate 
at  330“  reported  in  the  work  of  A.  M,  Rubinshtein  and  N.  A.  Pribytkova  [17]  is  incorrect:  the  activity  of  calcium 
carbonate  at  this  temperature  equals  zero.) 

2)  The  activation  energies  (Fig.  4),  calculated  over  the  temperature  range  436-492*  and  for  a  zero-order 

reaction,  change  in  the  following  order:  E.^ict.  CaC03  Eact.  StC03  ^  BaC03'  series  of  activation 

energies  corresponds  to  that  found  in  [23], 

The  activation  energy  of  ketonization  increases  with  strengthening  of  the  basic  properties  of  the  catalyst. 
This  means  that  in  tl'c  series  of  successive  stages,  the  highest  activation  barrier  is  associated  with  decomposition 
and  not  formation  of  the  metal  acetate  [24].  In  actual  fact,  the  reaction  of  CH3COOn  with  MeC03  proceeds  at 
much  lower  temperatures  than  the  decomposition  of  the  corresponding  acetates.  In  addition,  x-ray  analysis  shows 
the  presence  of  metal  acetate,  whose  decomposition  rate  is  consequently  less  than  its  formation  rate. 

In  the  decomposition  of  acetate,  the  rupture  of  the  C-0  bond  necessary  for  the  formation  of  acetone  will 
proceed  more  readily  the  lower  the  electron-donor  properties  of  the  metal, as  the  displacement  of  electrons  from 
the  Me  to  the  C-0  bond  strengthens  the  latter. 


O'? 

CH3-C-0\ 

Me 


The  electron- donor  properties  fall  from  barium  to  calcium  and  in  the  same  direction  there  is  a  decrease  in  the 
strength  of  the  C-0  bond  and  in  the  activation  energy  of  the  ketonization  reaction. 

It  was  considered  above  that  the  highest  activation  barrier  is  associated  with  decomposition  of  the  acetate. 
It  is  possible  that  the  intermediate  six-membered  cyclic  complex  proposed  by  Ya.  K.  Syxkin  [25]  is  formed.  The 
activation  energy  of  the  reaction  is  reduced  due  to  CQnjugation  in  the  active  complex  (6  electrons  in  a  field  of 
6  centers).  The  reduction  in  activation  energy  with  such  a  mcclianism  would  allow  decomposition  of  acetate* 
with  the  formation  of  acetone  and  carbonate. 


CHj-C-rO  J 
n> 
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Carbonate  is  formed  in  the  reaction  where  Me  =Ca,  Sr,  and  Ba,  i.e.,  the  metal  oxides  formed  immediately 
combine  with  COy  In  reactions  where  Me  =  Zn.  Cd.  etc.,  metal  oxides  and  CO2  are  actually  liberated. 

3)  The  catalytic  activities  of  CaCOs.  SrCOs.  and  BaCOs  at  550*are  practically  the  same  (rectangle  in  Fig.  3) 
This  is  connected  with  the  fact  that  the  catalyst  participates  in  the  formation  of  intermediate  substances  and  the 
equilibrium,  which  corresponds  to  a  degree  of  conversion  of  92-977o(see  [10]  on  reversibility  of  ketonization), 
depends  only  on  the  initial  and  final  states  of  the  system  and  is  determined  by  the  thermodynamics  of  the  reaction 

2  (:ii3r.()ong  =  cii3r,ociing-i  1-  ••aOg- 

From  the  point  of  view  of  the  kinetics  of  the  process,  the  decomposition  of  acetate  at  500-550“  is  not  the 
limiting  stage  either  as  its  rate  at  high  temperatures  is  very  great  (acetate  was  not  detected  by  x-ray  diffraction 
in  catalysts  used  at  these  temperatures). 

4)  The  catalytic  activity  of  magnesium  carbonate  at  350-600“  is  constant.  Carbonates  with  the  composi¬ 
tion  xMgO  •  yC02  [26]  exist  over  this  temperature  range;  however,  these  forms  do  not  differ  catalytically.  The 
increase  in  activity  at  550*  corresponds  to  the  formation  of  pure  magnesium  oxide.  As  magnesium  acetate  de¬ 
composes  at  .300“,  a  change  in  catalytic  activity  with  temperature  should  be  sought  in  the  range  300-350“. 

5)  It  should  be  noted  that  in  addition  to  ketonization,  there  may  also  be  thermal  decomposition  of  acetic 
acid  and  acetone.  However,  as  Nef  [27]  showed,  this  decomposition  yields  carbon  monoxide,  methane,  and  hy¬ 
drogen,  which  were  not  detected  under  our  conditions  at  temperatures  up  to  600“.  Carbonization  was  observed 
at  temperatures  of  the  order  of  600“  and  together  with  ketonic,  there  was  also  methanic,and,  evidently,  ketenic 
decomposition.  The  latter  Ls  accompanied  by  methane  formation  [28]. 

To  determine  the  thermodynamic  possibility  of  the  different  reactions  in  the  decomposition  of  acetic  acid 
and  acetone,  we  calculated  Af  for  the  following  reactions  (Fig.  6):  methane  cleavage  of  acetic  acid 


CH3COOHg  =  CFUg  +  COjg. 

(I) 

formation  of  unsaturated  hydrocarbons 

from  CH3COOH 

2CH3COOHg  =  CzHjg  +  2COg  +  2H2O, 

(ID 

ketonic  cleavage  of  CH3COOH 

2CH3CC)OHg  =  CH^OCH3g  +  COjg  +  HjOg. 

(HI) 

cracking  of  CH3COOH 

2CHjCOOHg  =  COjg  +  CHig  +  2Cg  +  2H20g. 

(IV) 

ketenic  cleavage  of  CH3COOH 

CH3COOHg  =  CHjCOg  +  HzOg, 

(V) 

formation  of  acetic  anhydride  from  CH3COOH 

1 

2CH/:OOHg  =  (CH3CO)20g  +  HjOg. 

(VI) 

ketenic  cleavage  of  acetone 

CH3CCX:H3g  =  CHjCOg  +  CHig 

j 

1 

(VII)  1 

Methane  is  formed  by  reaction  of  I.  IV,  and  Vn.  However,  the  most  probable  reactions,!  and  IV,  apparently 
have  a  high  activation  energy  and  occur  at  high  temperatures,  in  our  case  at  about  600“.  The  slight  carbonization 
of  the  catalyst  at  high  temperatures  confirms  reaction  IV.  Reaction  n  is  improbable  at  low  temperatures  and  quite 
possible  at  high  temperatures.  The  small  amount  of  unsaturated  hydrocarbons  in  the  gaseous  products  indicates  that 
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Fij’.  6.  Cliangc  in  tree  energy  with  temperature 
for  tile  decomposition  of  CHgCOOH  and  CH3COCH3. 
Explanation  in  text. 


reaction  n  occurs,  but  at  a  very  low  rate.  According  to 
thermodynamic  considerations  reaction  IV  is  more  proba¬ 
ble  than  reaction  II.  which  is  in  agreement  with  the 
presence  of  a  large  amount  of  methane  and  a  small  amount 
of  unsaturated  hydrocarbons  in  the  gaseous  products  of  the 
reaction  at  ~  600“.  The  formation  of  ketcnc  from  acetone 
is  apparently  more  probable  than  from  acetic  acid. 

6)  Neunho(;ffer  and  Paschke  [10]  considered  that 
the  formation  of  ketones  requires  a  free  a-hydrogen  in 
the  acid  as  ketonization  proceeds  through  the  intermediate 
formation  of  a  6-keto  acid.  In  particular,  the  authors  based 
this  on  the  impossibility  of  obtaining  a  ketone  from  trimeth- 
ylacctic  acid.  However,  it  was  found  later  [12], that  tri- 
methylacetic  acid  gives  tert- butyl  isobutyl  ketone  over 
thorium  dioxide  at  490*.  This  established  that  the  particip¬ 
ation  of  a-hydrogen  is  not  essential.  In  our  case,  the  use 
of  this  scheme  would  mean  the  intermediate  formation  of 
acetoacetic  acid,  which  decomposes  readily  to  acetone 
and  carbon  dioxide  at  a  temperature  below  100"  [28].  Even 
in  our  experiments  at  300*,  when  the  carbonate  had  been 
converted  into  acetate,  no  gas  liberation  was  observed  and 
the  acetic  acid  distilled  without  change.  These  facts  ex¬ 
clude  the  possibility  of  acetone  fonnation  through  a  3* 
keto  acid. 


7)  In  considering  the  mechanism  of  ketonization 

of  acids  involving  the  intermediate  formation  of  anhydride  [7,  8]  it  should  be  noted  that  the  formation  of  anliydride 
and  metal  oxides  could  indicate  the  occurrence  of  this  process.  The  former  is  usually  hydrated  rapidly  to  the  acid 
and  the  latter  may  be  identified  by  x-ray  diffraction  patterns.  However,  in  no  case  (apart  from  magnesium  car¬ 
bonate)  were  we  able  to  detect  lines  corresponding  to  the  metal  oxides.  Thermod^iiamic  calculations  (Fig.  6)  show 
that  the  probability  of  acetone  formation  through  acetic  anhydride  is  less  than  from  acetic  acid  or  tlirough  acetate 
(Fig.  1).  In  actual  fact,  at  200-600*,  Ap  for  reaction  VI  changes  from  +  14.0  to  0.4  kcal/mole  and  for  reactionlll 
from  “7.6  to  -17,8  kcal/mole.  1 


Analysis  of  literature  data,  the  experimental  results  obtained  in  the  work,  and  thermcdNTiamic  calculations 
indicate  that  in  the  vapor- phase  catalytic  ketonization  of  acetic  acid  over  alkaline  earth  metal  carbonates  we 
have  a  rare  and  interesting  case  of  the  formation  of  intermediate  compounds,  namely,  acetates,  through  the  whole 
volume  of  the  catalyst. 


SUMMARY 

The  vapor- phase  catalytic  ketonization  of  CH3COOH  over  alkaline  earth  metal  carbonates  was  studied  by 
a  flow  method  at  350-600*  and  a  space  velocity  of  1-33  lir'^.  It  was  found  that  ketonization  does  not  occur  at 
temperatures  below  the  decomposition  point  of  the  corresponding  acetates.  According  to  x-ray  diffraction  data, 
a  spent  catalyst  used  at  a  temperature  up  to  470“  consirts  of  carbonate  and  acetate  and  in  the  case  of  MgCOs,  of 
basic  carbonate.  The  catalytic  activity  of  MgC03  was  constant  over  the  range  350-500*.  The  activation  energy 
of  CH3COOH  ketonization  was  detemtined  for  calcium,  strontium,  and  barium  carbonates  and  changed  in  the 
series  ^SrC03  ^  ^BaC03.  experimental  data  agree  well  with  thermodymamic  calculations. 

The  hypothesis  was  put  forward  that  the  vapor- phase  catalytic  ketonization  of  CH3COOH  at  up  to  550* 
is  a  volume-catalytic  reaction  involving  the  intermediate  formation  of  acetates. 
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The  oxidation  of  alkylaromatic  hydrocarbons  is  now  attracting  the  attention  of  a  large  number  of  investiga¬ 
tors  mainly  because  the  direct  oxidation  of  these  compounds  yields  hydroperoxides  whose  subsequent  thermal  de¬ 
composition  gives  valuable  substances  such  as  phenols,  carbonyl  compounds,  and  alcohols.  The  oxidation  of  iso¬ 
propylbenzene  has  now  been  studied  quite  thoroughly  and  is  used  industrially  [1],  However,  the  amount  of 
researcli  work  in  this  direction  is  still  quite  small  [2];  there  is  even  less  information  on  the  liquid-phase  oxidation 
of  ethylbenzene  and  butylbenzenes. 

K.  I.  Ivanov  et  al,  [3]  investigated  the  liquid-phase  photooxidation  of  secondary  and  normal  butylbenzenes 
and  obtained,  identified,  and  studied  the  corresponding  hydroperoxides.  Hock  and  Lang  [4]  carried  out  the  liquid- 
phase  photooxidation  of  ethylbenzene  at  60-75“  and  a  small  amount  of  hydroperoxide  was  obtained  first.  In  the 
catalytic  liquid-phase  oxidation  of  ethylbenzene  in  the  presence  of  l^/o  chromium  oxide  at  140*,  the  hydroperoxide 
formed  first  decomposed  immediately  with  the  accumulation  of  .stable  oxidation  products  [5],  These  investigations 
show  that  the  hydroperoxides  of  ethylbenzene  and  butylbenzenes  are  quite  difficult  to  obtain  by  oxidation  of  the 
hydrocarbons. 

The  liquid-phase  oxidation  of  hydrocarbons,  its  mechanism,  and  ways  of  inducing  the  reaction  are  now  being 
studied  actively  by  N.  M.  frnanuel'  [6-8],  who  has  elucidated  to  a  considerable  extent  the  nature  of  the  catalytic 
action  on  the  oxidation  of  hydrocarbon  salts  of  metals  with  variable  valence,  gaseous  initiators,  and  other 
promoters. 

In  the  present  work  we  present  the  results  of  a  study  of  the  liquid- phase  oxidation  of  ethylbenzene  and  also 
of  a  mixture  of  sec  and  isobutylbenzencs  by  atmospheric  oxygen,  which  was  directed  at  attaining  the  maximum 
yields  of  die  hydroperoxides  of  these  hydrocarbons.  The  reaction  was  carried  out  in  the  presence  of  sodium  hydrox¬ 
ide,  cobalt  stearate,  and  also  auramine  as  promoters.  These  promoters  were  chosen  in  view  of  literature  reports 
on  their  favorable  action  on  the  liquid- phase  oxidation  of  hydrocarbons. 

EXPERIMENTAL 

We  oxidized  a  mixture  of  sec-  and  isobutylbenzencs  which  was  isolated  from  a  technical  butylbenzene 
fraction  containing  2\.\°iooi  sec-  and  19.170  01  isobutylbenzene.  The  technical  butylbenzene  fraction  was  distilled 
with  a  pear  fractionating  column  in  the  range  of  167-177“  and  then  redistilled  on  a  column  with  an  efficiency  of 
20  theoretical  plates.  The  fraction  obtained,  which  boiled  over  the  range  170-172.5*  (740  mm),  had  n^®D  1.4889, 
and  was  a  mixture  of  sec-  and  isobutylbenzenes,  was  purified  bv  acid  treatment  and  distilled  over  metallic  sodium. 

We  also  oxidized  technical  ethylbenzene,  which  was  distilled  on  a  fractionating  column,  purified  with 
sulfuric  acid,  and  distilled  over  metallic  sodium  at  135.5*  (740  mm);  it  had  n^D  1.4961. 
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Fig.  1.  Kinetic  curves  of  butylbenzene  hydroperoxide 
accumulation  at  108®  in  the  presence  of  0.5‘’/oof  CHP  and 
alkali.  Alkali  concentration  (%);  1)  0.05;  2)0.1;  3) 
0.2;  4)  0.5;  5)  in  the  ab.sence  of  alkali;  6)  reaction  rate; 
7)  limiting  concentration  of  hydroperoxide  (HP). 


HP  % 


Fig.  2.  Kinetic  curves  of  ethylbenzene  hydroperoxide  ac¬ 
cumulation  at  108®  in  the  presence  of  0.5%  of  CHP  and  alkali. 

Amount  of  alkali  (%);  1)  0.05;  2)  0.075;  3)0.1;  4)  in  the 
absence  of  alkali,  5)  reaction  rate.  Curve  5:  0.05  and  0.1 
on  the  abscissa  and  0.15  and  0.25  on  the  ordinate. 

The  liquid- phase  oxidation  was  carried  out  witli  atmospheric  oxygen  in  a  thennostatted  tubular  glass  reactor 
with  a  reflux  condenser.  The  air  was  dispersed  by  passage  tlirough  a  No.  2  glass  filter.  The  rate  of  input  of  dry 
air  was  regulated  with  a  water  manostat  and  checked  with  a  rheometer  and  in  all  experiments  it  equalled  18  liter 
per  mole  of  hydrocarbon  per  hr.  At  this  flow  rate,  the  oxidation  rate  was  independent  of  the  gas  flow  rate.  Samples 
(0,5  ml)  were  taken  from  the  reactor  at  definite  intervals  and  the  hydroperoxide  content  determined.  In  addition 
the  amount  of  oxygen  absorbed  was  measured  in  some  e.xpcr intents.  At  the  beginning  of  the  reaction  the  kinetic 
curves  of  oxygen  absorption  practically  coincided  with  the  accumulation  of  hydroperoxide  and  it  was  only  after 
the  maximum  reaction  rate  had  been  reached  that  the  accumulation  of  hydroperoxides  began  to  lag  behind  the 
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Fig.  3.  Accumulation  of  butylbenzcnc  peroxides  at 
108”  in  the  presence  of  0.5*70  of  CHP,  0.5*70  of  quin¬ 
oline,  and  cobalt  stearate.  Amount  of  cobalt 
stearate  (mg/ mole):  1)  2.5;  2)  5;  3)10;  4)20; 

5)  in  the  absence  of  cobalt  stearate;  6)  in  the 
absence  ol  cobalt  stearate  and  Cl  IP;  7)  reaction  rate; 
8)  limiting  HP  concentration. 


Fig.  4.  Accumulation  of  butylbenzene  peroxides  at 
97.5”  in  the  presence  of  0.57oof  CHP,  O.5*7oof  quino¬ 
line,  and  cobalt  stearate-  Amount  of  cobalt  stearate 
(mg/molc);  1)  1,  2)2.5,  3)5,  4)20,  5)  in  the 
absence  of  cobalt  stearate  and  CHP,  6)  in  the  absence 
of  cobalt  stearate,  CHP,  and  quinoline,  7  )  reaction 
rate,  8)  limiting  HP  concentration. 


absorption.  The  hydroperoxide  was  determined  by  an 
iodometric  micromethod  with  null  potentiometric 
titration  [9]. 

Effect  of  sodium  hydroxide.  Inhibitors  formed 
during  the  process,  for  example,  phenol  [10]  or  acids, 
arc  found  to  have  a  very  considerable  effect  on  the 
oxidation  of  hydrocarbons.  Therefore,  to  improve  the 
oxidation  of  ucpropylbenzenc,  M.  S.  Nemtsov  proposed 
the  addition  of  alkali  in  the  initial  period  of  the  reaction 
as  this  destroys  inhibitors  of  an  acidic  or  phenolic  nature, 
but  does  not  reduce  the  hydroperoxide  yield  (i.e,,  no 
sharp  acceleration  of  its  thermal  decomposition  is  ob¬ 
served).  In  most  experiments  0.57o  of  isopropylbenzene 
hydroperoxide  was  added  to  the  hydrocarbon  to  be  oxidized 
at  the  beginning  of  the  reaction  as  a  hydroperoxide 
eliminates  the  reaction  induction  period  [11]. 

Figure  1  shows  the  results  of  our  experiments  on 
the  liquid-phase  oxidation  of  butylbenzenes  at  108”  in 
the  presence  oi  sodium  hydroxide  and  0.5*70  01  cumene 
hydroperoxide  (CHP).  As  the  figure  shows,  hydroperoxides 
accumulated  very  slowly  during  the  oxidation  of  butyl- 
benzenes  in  the  presence  of  alkali  and  CHP.  Butyl- 
benzene  hydroperoxides  accumulated  at  the  highest 
rate  (0. 5*7®  per  lir)  and  also  the  reaction  product  yield 
was  greatest  (20*70)  at  an  alkali  content  of  0.1-0.2*70. 

The  hydroperoxide  accumulation  rate  decreased  both 
with  a  decrease  and  with  an  increase  in  ihe  sodium  hy¬ 
droxide  content. 

As  in  tile  oxidation  of  butylbenzenes,  in  the  ox¬ 
idation  of  ethylbenzene  (Fig.  2)  there  was  an  optimal 
alkali  concentration  (about  0.075*7o).  The  rate  of  ethyl¬ 
benzene  qxidation  in  the  presence  of  the  optimal  sodium 
hydroxide  concentration  was  a  factor  of  approximately 
two  below  that  in  the  oxidation  of  butylbenzenes  under 
similar  conditions.  It  should  be  noted  that  in  the  oxida¬ 
tion  of  isopropylbenzene,  which  proceeds  approximately 
6  times  faster  and  with  a  final  hydroperoxide  yield  of 
55- 00*70  under  analogous  conditions,  the  optimal  sodium 
hydroxide  content  was  about  0.1*7a 

The  effect  of  cobalt  stearate  was  studied  with  the 
initial  addition  of  O.5*7oof  isopropylbenzene  hydroperoxide 
and  0.5*70  of  quinoline  to  avoid  the  negative  effect  of  acid 
products,  which  were  formed  by  decomposition  of  the  hy¬ 
droperoxides,  catalyzed  by  cobalt  stearate.  Caustic  alkali 
could  not  be  used  for  the  given  purpose  in  tliis  case  as 
hydroxides  or  basic  salts  of  cobalt  wodld  have  been  formed. 


The  data  presented  (Figs.  3  and  4)  show  that  with  an  increase  in  the  concentration  of  cobalt  stearate  in  the 
butylbenzenes  oxidized,  the  rate  of  accumulation  and  maximum  yield  of  hydroperoxides  at  108”  passed  through 
clear  maxima,  corresponding  to  a  catalyst  concentration  of  about  10  mg  per  mole  of  hydrocarbon.  In  the  liquid- 
phase  oxidation  of  butylbenzenes  at  97.5”  there  was  a  gradual  increase  in  the  accumulation  rate  and  maximum 
yield  of  hydroperoxides  with  a  decrease  in  the  cobalt  stearate  concentration.  Under  these  conditions,  the  optimal 
catalyst  content  was  very  low  and  equalled  1  mg/mole.  In  the  oxidation  of  butylbenzenes  there  was  a  change  in 
the  color  of  the  reaction  mixture  from  violet- blue  to  yellow. 
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Fig.  5.  Accumulation  of  ethylbenzene  hydroperox¬ 
ide  at  108*  in  the  presence  of  Q.b^Jooi  CHP,  O.S^oof 
quinoline,  and  cobalt  stearate.  Amount  of  cobalt 
stearate  (mg /mole):  1)  5,  2)  10,  3)  20,  4)  in 
the  absence  of  cobalt  stearate,  5)  in  the  absence 
of  cobalt  stearate,  CHP,  and  quinoline,  6)  reaction 
rate,  7)  limiting  HP  concentration. 


From  the  point  of  view  of  obtaining  higli  yields 
of  hydroperoxide,  the  optimal  concentration  of  a  salt 
catalyst  in  the  liquid-phase  oxidation  of  a  hydrocarbon 
is  determined  by  the  ratio  of  the  main  reaction  chain 
of  hydroperoxide  formation  and  the  decomposition  of 
the  latter, which  is  promoted  by  the  catalyst.  At  catal¬ 
yst  concentrations  below  the  optimal,  there  will  be  very 
little  degenerate  branching  of  the  main  autooxidation 
chain  and  therefore  the  process  as  a  whole  proceeds 
slowly.  At  catalyst  concentrations  considerably  greater 
than  the  optimal,  the  hydroperoxide  decomposition  rate 
may  even  be  greater  than  its  formation  rate.  In  this  case, 
there  is  a  low  yield  of  hydroperoxide. 

Figure  5  gives  kinetic  curves  of  ethylbenzene  hy¬ 
droperoxide  accumulation  in  tlie  presence  of  cobalt  stearate. 
An  increase  in  the  concentration  of  catalyst  in  the  ethyl¬ 
benzene  oxidized  accelerated  hydroperoxide  accumula¬ 
tion,  but  at  the  same  time  there  was  a  gradual  decrease 
in  the  limiting  yield  of  hydroperoxide-  This  was  con¬ 
nected  with  excessive  acceleration  of  the  decomposition 
of  the  ethylbenzene  hydroperoxide  formed. 
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Fig  6.  Accumulation  of  butylbenzene  (a)  and  ethyl¬ 
benzene  (b)  hydroperoxides  in  the  presence  of  0.57<> 
of  quinoline,  and  auraminc-  Amount  of  auramine 
(mg/mole):  1)  1.  2)  5,  3)  0.1,  4)  in  the  absence 
of  auramine  at  108*. 


Effect  of  auramine  (tetramethyldiaminobenzo- 
phenonimide  hydrochloride).  N-  I.  Amiantov  [16]  has 
described  the  instability  of  this  compound  with  respect 
to  light  and  high  temperature.  The  weakest  bond  in  the 
complex  molecule  of  auramine  is  one  of  the  C  =  N 
double  bonds,  whose  energy  equals  about  30  kcal.  There¬ 
fore,  it  is  most  probable  that  this  bond  is  ruptured  to  form 
a  radical  with  an  unpaired  electron.  The  promotion  of 
the  liquid-phase  oxidation  of  hydrocarbons  by  auramine 
is  apparently  connected  with  this. 

The  results  of  an  investigation  of  the  promoting 
effect  of  auramine  on  the  oxidation  of  butylbenzenes 
and  ethylbenzene  are  given  in  Fig.  6. 

The  promoting  effect  of  auraminc  was  expressed 
to  a  greater  extent  in  the  liquid- phase  autooxidation  of 
ethylbenzene  than  in  the  case  of  butylbenzenes:  a  change 
in  the  auramine  concentration  over  quite  a  wide  range 
had  little  effect  on  the  final  yield  and  accumulation  rates 
of  hydroperoxides  and  this  is  because  this  substance  readily 
forms  high  concentrations  of  free  radicals,  apparently 
under  thermal  action,  at  the  beginning  of  the  process. 

This  is  also  confirmed  by  the  high  initial  rate  of  oxidation. 
However,  together  with  the  high  reaction  rate,  we  observed 


low  limiting  hydroperoxide  concentrations.  This  may  be  connected  with  the  fact  that  products  from  the  conversion 


of  auramine  during  the  oxidation  promote  the  decomposition  of  hydroperoxide  former^  as  in  the  case  of  Co  stearate. 


DISCUSSION  OF  RESULTS 

The  liquid-phase  oxidation  of  hydrocarbons  in  the  presence  of  alkali  is  very  close  to"natural,"  i.e..  un¬ 
catalyzed  oxidation.  Thus,  the  rate  of  hydroperoxide  accumulation  may  characterize  the  reactivity  of  hydro¬ 
carbons.  The  latter  is  connected  with  the  energy  of  the  bond  of  the  carbon  atom  undergoing  primary  attack  by 
oxygen. 


2778 


Energies  of  C-H  Bonds  and  Calculated  Activation  Energies  for  the  Oxidation 
of  Alkylaromatic  Hydrocarbons 


Hydrocarbon 

Bond 

Dc-h  (^cal) 

E  (kcal) 

Ethylbenzene 

^sec 

75 

7.8 

Isobutylbonzene 

74 

7.5 

Isopropylbenzene 

74 

7.5 

As  follows  from  the  data  of  Cottrell's  monograph  [12],  the  energies  of  the  C-H  bonds  of  isopropylbenzene 
and  ethylbenzene  differ  little  (table).  The  activation  energy  of  the  reaction  may  be  calculated  by  Polanyi’s 
formula  [13]:  E  =  11.5-0.25  0.  where  0  is  the  heat  effect  of  the  reaction,  which  equals  the  difference  in  the 
energy  of  the  0-H  bond  in  the  organic  hydroperoxide  molecule  and  the  energy  of  the  C-H  bond  in  the  hydro¬ 
carbon  molecule. 

The  value  of  Dq.j^  in  hydroperoxide  molecules  should  not  differ  substantially  from  the  corresponding  value 
in  the  hydrogen  peroxide  molecule  (90  kcal),  i.e.,  the  change  in  it  depends  only  on  the  nature  of  the  radical  R  in 
the  molecule  ROOM,  which  changes  very  little. 

As  N.  N.  Semenov  has  pointed  out  [13],  the  activation  energies  calculated  in  this  way  agree  well  with  experi¬ 
mental  values. 

As  the  values  of  E  obtained  show,  the  activation  energies  of  the  hydrocarbons  investigated  are  similar  to  each 
other.  At  high  oxygen  pressures,  i.e.,  v.'hen  the  reaction  rate  is  independent  cf  the  oxygen  pressure,  these  values  of 
E  refer  to  the  chain  development  reactions  [14];  ROCT  +  RH  -*.ROOH  +  R*. 

However,  the  reaction  rate,  especially  in  the  initial  period,  is  determined  to  a  considerable  extent  by  the 
chain  initiation  reaction,  which  is  corutected  with  the  primary  attack  of  oxygen  on  the  C-H  bond;  there  may  be 
steric  hindrance  here,  which  affects  the  reactivity  of  hydrocarbons.  In  addition,  the  reactivity  of  hydrocarbons 
depends  considerably  on  impurities,  small  amounts  of  which  may  reduce  the  reaction  rate  considerably. 

In  a  series  of  experiments  it  v;as  found  that  the  accumulation  of  hydroperoxide  at  the  beginning  of  the  reac¬ 
tion  in  the  presence  of  cobalt  stearate  proceeded  in  the  same  way  as  in  its  absence,  i.e.,  the  kinetic  curves  coin¬ 
cided.  It  is  interesting  that  this  coincidence  of  tlte  curves  occurs  when  the  system  is  "seeded"  with  hydroperoxide. 
Hence,  it  follows  that  the  initial  promotion  of  the  oxidation  is  not  connected  with  the  decomposition  of  the  hydro¬ 
peroxide.  This  point  of  view  was  put  forward  previously  by  E.  T.  Denisov  and  N.  M.  Emanuel  [15],  who  observed 
a  similar  picture  in  the  liquid-phase  oxidation  of  cyclohexane.  The  authors  proposed  an  initiation  mechanism 
which  consisted  of  the  initial  formation  of  an  intcrmolecular  complex  between  cobaltous  stearate  and  oxygen. 

In  the  initial  stage,  the  initiation  reaction  consisted  of  conversion  of  the  cobalt  into  the  trivalent  state: 

CoSt2  *  ©2  +  RII  — ►  CoSt2-OOH  +  R  * 

In  subsequent  stages  of  the  reaction,  to  a  considerable  extent  the  cobaltous  stearate  played  a  retarding  role, 
breaking  the  chains  by  reaction  with  free  radicals. 

With  an  increased  concentration  of  hydroperoxide  in  the  system,  the  role  of  cobalt  stearate  changed  some¬ 
what.  Its  reaction  with  hydroperoxide  molecules  then  began  to  predominate.  This  reaction  may  be  represented 
schematically  as  follows; 

luv  4  nil  — ♦  noon  -\-  \v 
n()(Hi  -f  Cost2  — *  c.osi.,oM  f  no- 

The  rate  of  hydroperoxide  formation  is  given  by  the  equation: 

d  I  non HI 

=  A',  (no-oi  iniij  — A'.2inooii|  (Costzj. 
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whence  the  maximum  hydroperoxide  concentration: 


inooiij„„ 


h\  inoo’iiniii 

A'2  ICoSI.jI 


i.e.,  the  limiting  hydroperoxide  yield  is  inversely  proportional  to  the  concentration  of  the  salt  catalyst.  This 
relation  is  actually  observed  at  low  cobalt  stearate  concentrations.  Above  a  certain  catalyst  concentration,  the 
limiting  yield  docs  not  decrease  (or  decreases  more  slowly)  and  this  is  apparently  connected  with  the  over-all 
retarding  effect  of  cobalt  stearate  on  the  formation  of  hydroperoxide. 


SUMMARY 

1.  The  action  of  sodium  hydroxide  on  the  rate  of  hydroperoxide  accumulation  duringthe  liquid-phase 
oxidation  of  a  mixture  of  secondary  and  isobutylbenzenes  and  also  ethylbenzene  was  investigated.  It  was  shown 
that  an  alkali  content  of  0.1-0.27(?has  the  optimal  effect  on  the  rate  of  butylbenzene  oxidation,  while  the  optimal 
amount  of  alkali  is  a  factor  of  approximately  two  less  in  the  oxidation  of  ethylbenzene. 

2.  The  addition  of  cobalt  stearate  increased  the  rate  of  oxidation  of  these  hydrocarbons,  but  at  the  same 
time  reduced  the  limiting  concentration  of  hydroperoxides.  The  latter  was  connected  with  an  increase  in  the  de¬ 
composition  of  the  hydroperoxides  formed  in  the  presence  of  cobalt  stearate  and  partly  with  the  retarding  action 
of  large  amounts  of  catalyst.  The  highest  rates  of  hydroperoxide  accumulation  were  observed  at  an  optimal  cobalt 
stearate  content,  which  decreased  with  a  fall  in  temperature. 

3.  The  rate  of  oxidation  of  ethylbenzene  and  butylbenzenes  was  promoted  by  small  amounts  of  auramine; 
the  limiting  hydroperoxide  concentrations  were  thereupon  decreased,  which  indicates  that  auramine  has  an  action 
similar  to  that  of  cobalt  stearate. 

The  authors  arc  very  grateful  to  L  A.  Baranovskii  for  helping  with  the  experimental  part  of  the  work. 
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The  decomposition  of  a  Grignard  reagent  in  ether  has  been  used  for  the  preparation  of  '*C- labeled  hydro¬ 
carbons  in  a  series  of  published  works  [1,  2].  This  method  has  a  series  of  substantial  drawbacks,  the  most  important 
of  which  arc  the  low  yield  of  hydroca'bcn  (about  40%)  and  also  the  difficulty  of  freeing  the  final  product  from  im¬ 
purities,  in  particular,  ctlier.  This  compelled  us  to  search  for  other,  simpler  metheds  for  synthesizing  labeled 
saturated  hydrocarbons.  The  catalytic  hydrogenation  of  olefins  at  moderate  temperatures  and  normal  pressure  and 
also  the  acid  decontposition  of  crystalline  organolithium  compounds  are  very  valuable  and  free  from  these  drawbacks. 

A  number  of  papers  [3-6]  have  been  devoted  to  the  study  of  the  mechanism  and  kinetics  of  hydrogenation  and 
tile  investigation  and  choice  of  catalysts,  which  make  it  possible  to  direct  the  hydrogenation  in  a  particular  direc¬ 
tion. 

In  the  present  work,  we  used  the  hydrogenation  of  olefins  in  the  presence  of  platinized  charcoal  (10% pla¬ 
tinum)  for  the  preparation  of  labeled  hydrocarbons:  a  highly  efficient  hydrogenation  catalyst  was  chosen  and  the 
effect  of  temperature,  gas  flow  rates,  and  reacting  components  on  the  yield  of  labeled  saturated  hydrocarbons  was 
studied.  At  the  same  time,  a  method  was  developed  for  the  preparation  of  -labeled  paraffins  through  organo- 
lithium  compounds.  It  should  be  noted  that  the  spthesis  of  alkylliihiums  is  of  independent  interest  as  organo- 
lithium  compounds  may  find  wide  application  in  the  preparation  of  other  ^'*C- labeled  organic  compounds  due  to 
their  high  reactivity. 

The  high  reactivity  of  organolithium  compounds  makes  possible  the  wide  application  of  an  alkyllithium  in 
the  S)Tathcsis  of  labeled  organic  compounds  of  various  classes.  The  formation  of  saturated  hydrocarbons  by  this 
method  proceeds  to  completion.  However,  the  formation  of  an  alkyllithium  proceeds  rather  slowly,  especially  at 
the  end  of  the  reaction,  and  therefore  the  yield  of  hydrocarbon  on  alkyl  halide  cannot  be  increased  above  85-90%, 

The  method  proposed  is  suitable  for  the  utilization  of  alcohol  wastes  of  low  specific  activity,  contaminated 
with  by-products,  and  also  isotopicaily  contaminated  labeled  products,  which  do  not  form  alkyl  halides. 

EXPERIMENTAL 

Catalytic  hydrogenation  of  olefins.  Porcelain,  pumice,  asbestos,  and  wood  charcoal  were  examined  as 
carriers  for  platinum.  With  the  same  platinum  content  (10%),  the  first  three  substances  gave  hydrogenation  yields 
of  40-50%,  wliile  a  quantitative  yield  was  obtained  with  activated  v.'ood  charcoal.  We  used  this  carrier  for  platinum 
in  the  subsequent  investigations. 

The  hyd’-ogen  for  the  hydrogenation  was  obtained  by  electrolysis  of  30%  sodium  hydroxide  solution  and  the 
olefins  were  obtained  by  dehydration  of  appropriate  alcohols  on  a  granulated  alumina  catalyst. 

The  hydrogenation  was  carried  out  in  a  reactor  (Fig.  1)  which  consisted  of  a  vertical  pyrex  tube  with 
19.5  cc  of  catalyst  in  the  middle.  The  gas  flow  rates  were  determined  with  rheometers  and  the  liquid  olefin  flow 
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rate  was  determined  from  the  liquid  discharge  from  a  graduated  funnel. 
The  reaction  products  were  collected  in  traps  cooled  with  liquid  nitrogen. 
At  the  end  of  an  experiment,  the  contents  of  the  traps  were  allowed  to 
thaw  and  collected  in  gasometers  or  glass  ampoules,  which  were  then 
sealed  off.  The  gaseous  hydrocarbons  were  analyzed  chromatographically 
and  the  liquid  hydrocarbons  by  fractionation  on  a  column  of  20  theoretical 
plates. 

The  results  of  these  experiments  are  given  in  Fig.  2  and  Table  1. 

The  olefins  studied  were  hydrogenated  in  almost  theoretical  yield 
in  the  temperature  range  of  150-250*. 

Additional  experiments  with  a  smaller  amount  of  catalyst  (2.5  cc) 
(space  velocity  30-40  min*^)  confirmed  the  constancy  of  the  high  yield 
of  saturated  hydrocarbons  at  the  optimal  temperature. 

The  hydrogenation  was  possible  at  relatively  high  reagent  space 
velocities.  A  change  in  space  velocity  (Table  1)  had  hardly  any  effect 
on  the  labeled  saturated  hydrocarbon  yield. 

The  high  yield  and  purity  of  the  final  product  and  the  constancy 

and  length  of  operation  of  the  catalyst  make  it  possible  to  recommend 

, ,  .  ,  this  method  for  the  synthesis  of  labeled  saturated  hydrocarbons, 

of  hydrocarbons. 


TABLE  1 

Relation  of  Saturated  Hydrocarbon  Yield  to  Olefin  and  Hydrogen  Input  Rate 


Input  rate  (liter/ hr: 

i 

hydrogen 

1.5 

2.0 

3.0 

4.0 

6.0 

.0 

olefin 

1.5 

1.0 

1.5 

2.0 

3.0 

4.0 

Space  velocity  (min"') 

2.77 

2.77 

4.16 

5.6 

8.3 

11.1 

Saturated  hydrocarbon 

yield  (%) 

97 

97 

98 

100 

100 

100 

The  following  labeled  saturated  hydrocarbons  were  prepared;  ^^C-ethanc.  1-^^C- propane.  1-^^C-butane, 

1-^C- isobutane,  and  1-^^- octane. 

Decomposition  of  organolithium  compounds.  The  decomposition  of  organolithium  compounds  in  the 
presence  of  dilute  acids  forms  saturated  hydrocarbons  according  to  the  following  reaction: 

-j-  II2SO4  — *•  CnH2f.+2*l"  Li2S04* 

Organolithium  compounds  may  be  prepared  by  various  methods  [7-9];  wo  used  the  principle  of  a  micro¬ 
method  [9].  which  was  changed  substantially  to  obtain  the  maximum  amounts  (0.5  mole  and  above)  of  crystalline 
organolithium  compounds. 

The  preparation  of  the  alkyllithium  and  its  subsequent  decomposition  were  carried  out  in  the  500- ml  reactor 
illustrated  in  Fig.  3.  Into  the  flask  was  placed  0.5  mole  of  metallic  lithium  through  the  central  neck  while  nitro¬ 
gen  was  passed  continuously  through  the  inlet  tube  in  the  side  neck  to  create  an  inert  atmosphere  in  the  reactor 
(the  nitrogen  was  of  a  high  degree  of  purity  and  did  not  contain  traces  of  moisture  or  oxygen).  To  the  central 
neck  was  attached  a  funnel  with  taps  on  a  return  lead  and  a  manometer. 

The  reactor  was  pumped  out  with  a  forevacuum  pump  and  the  bottom  of  the  flask  cooled  with  liquid  nitrogen. 
The  alkyl  halide  (0.6  mole)  was  dropped  onto  the  cooled  lithium.  The  reaction  was  preceded  by  a  short  induction 


Fig.  1.  Reactor  for  hydrogenation 
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To  manometer 


Fig.  2.  Coniplntcncss  of  hydrogenation  of  olefins  on 
platinized  charroal  in  relation  to  temperature. 


period.  The  reaction  rate  v;as  regulated  by  the  change  in 
pressure  in  tlic  reaction  system,  which  was  Kept  at  from  50 
to  200  mm  Hg.  The  reaction  was  usually  complete  inlhr. 

The  reaction  system  was  filled  with  nitrogen  tlirough 
the  neck  of  the  funnel  before  the  alkyllithium  was  decom¬ 
posed.  The  reactor  was  pumped  out  carefully  and  the  un- 
rcacted  alkyl  halide  frozen  out  in  a  removable  trap,  which 
was  attached  to  the  vacuum  line.  The  alkyl  halide  could 


h 


To  vacuum 


Fig.  3.  Reactor  for  the  syntliesis 
of  organolithium  compounds  and 
their  subsequent  decomposition. 


TABLE  2 


Characteristics  of  Saturated  Hydrocarbons 


Saturated 

hydrocarbons 

Catalyt 

ic  hydrogenation 

Decomposition  of  organolithium  compounds 

optimal  olefin 
hydrogenation 
temperature 

Yield, 

(%) 

specific  activity 
•  lO’'*  (counts per 
min/mmole) 

Yield,  (7o) 

specific  activity 

10  ^  (counts  per 
min/mmole) 

on  alkyl 
halide 

on  alkyl¬ 
lithium 

Ethane 

150-180* 

'99.0 

2.03 

Propane 

180-200 

97.5 

8.50 

84 

98 

6.00 

Butane 

200-240 

97.5 

2.65 

90 

98 

2.14 

Isobutane 

200-240 

98.0 

2.05 

85 

95 

1.12 

Octane 

240-260 

95.0 

1.05 

- 

- 

- 

be  returned  to  the  reaction  subsequently  without  preliminary  purification.  The  reactor  was  then  filled  with  nitrogen 
and  again  pumped  out.  The  alkyllithium  obtained  was  decomposed  with  2  N  sulfuric  acid  while  the  flask  was  cooled 
with  ice.  Simultaneously  with  tlie  decomposition  of  the  alkyllithium,  hydrogen  was  formed  due  to  the  reaction  of 
the  unreacted  lithium  with  c.xcess  sulfuric  acid  solution.  The  labeled  hydrocarbon  was  isolated  and  purified  by 
freezing  with  liquid  nitrogen.  As  iit  the  first  case,  the  trap  was  attached  to  the  vacuum  line. 

The  apparatus  used  made  it  possible  to  obtain  labeled  crystalline  organolithium  preparations  in  a  pure  form. 
For  this  purpose,  the  alkyllithium  was  dissolved  in  benzene  and  transferred  with  a  nitrogen  pressure  through  the 
inner  tube  into  a  funnel  vnih  a  glass  filter  with  a  receiver  on  the  end,  which  was  connected  to  vacuum  through 
a  tap.  After  filtration,  the  benzene  was  pumped  off  in  vacuum  and  the  alkyllithium  transferred  to  an  ampoule 
in  a  stream  of  nitrogen  and  th;„  ampoule  sealed  off. 

Radiochemical  analysis  data  and  the  yields  of  saturated  hydrocarbons  are  given  in  Table  2. 
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SUMMARY 


1.  The  following  labeled  saturated  hydrocarbons  were  synthesized  by  catalytic  hydrogenation:  ^*C-ethane, 
1-**C- propane.  l-^^*butane,  1-*^C- isobutane,  and  1-^-octane. 

2.  A  method  is  proposed  for  the  synthesis  of  labeled  organometallic  compounds.  1-^^C- Propane. 
butane.  and  1-*^* isobutane  were  prepared  by  decomposition  of  organolithium  compounds. 
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The  oxidative  nitration  of  mercury  derivatives  of  p-disubstituted  benzenes,  with  the  exception  of  acetoxy- 
mcrcury-p-xylene  [1],  has  not  been  investigated.  In  the  present  work,  this  reaction  was  studied  with  mercury 
derivatives  of  p-dichlorobcnzene,  tcrephthaiic  acid,  and  p-nitrotoluene. 

The  mcrcuration  of  p-dichlorobenzene  with  mercuric  acetate  in  acetic  acid  at  125*  yielded  acetoxymercuri- 
p-dichlorobenzcne,  which  was  converted  into  bis(2,5-dichlorophenyl>nercury  by  prolonged  heating.  The  latter 
was  also  confirmed  by  special  experiments  with  pure  acetoxymercuri-p-dichlorobenzene.  No  analogous  cases 
of  the  formation  of  diaryl  derivatives  of  mercury  by  direct  mcrcuration  of  aromatic  compounds  in  the  absence  of 
reducing  agents  [2]  have  been  described  in  the  literature.  It  is  only  known  that  Bz-1  benzanthronylmercuric 
acetate  [3]  and  phenylmercuric  fluoride  [4]  are  converted  into  the  corresponding  diaryl  derivatives  of  mercury 
by  heating  without  reducing  agents. 

Acetoxymercuri- p-dichlorobenzene  tras  also  obtained  from  2,5-dichloroaniline  analogously  to  p-acetoxy- 
mercurichlorobenzene  [5]  and  bis(2,5-dichlorophenyl)mercury  was  obtained  by  symmeirization  of  chloromercuri- 
p- dichlorobenzene  with  copper  in  the  presence  of  ammonia.  Anhydro-2-hydroxymercuritcrephthalic  acid  was 
obtained  by  oxidation  of  chloromercuri-p- xylene  and  acetoxymercuri- p- xylene  with  potassium  permanganate  in 
an  alkaline  medium.  2-Chloromercuri-4-niti'otoluene  was  syTithesized  from  p-nitrotoluene  through  4-nitrotoluene- 
2-sulfinic  acid  by  a  known  method  [6]  and  in  better  yield  from  4-nitro-2-aminotoluene  by  the  diazo  method  anal¬ 
ogously  to  m-chloromercurinitrobcnzcnc  [7]. 

Experiments  showed  that  in  accordance  with  the  mechanism  of  oxidative  nitration  [8],  the  action  of  aqueous 
nitric  acid  containing  nitrogen  oxides  on  acetoxymercuri- p-dichlorobcnzenc  and  bis(2,5-dichlorophenylXnercury 
at  75’  formed  3,5-dichloro-2,4-dinitrophenyl  v;ith  some  p-dichloronitrobenzene.  At  the  same  time,  the  action 
of  aqueous  nitric  acid  in  the  presence  of  mercuric  nitrate  on  p-dichlorobcnzenc  at  80*  gave  only  an  insignificant 
amount  of  3,6-dichloro-2,4-dinitrophenol,  while  an  experiment  in  sealed  tubes  at  140’  yielded  only  mono-  and 
diniiro  derivatives  of  p-dichlorobenzene.  In  comparable  experiments  without  the  addition  of  mercuric  nitrate, 
nitrophenols  were  not  detected  and  nitro  compounds  were  formed  m  considerably  smaller  amounts. 

Under  conditions  of  oxidative  nitration,  2-chloromercuri-4-niuotoluene  was  converted  into  2-nittoso*4- 
nitrotoluene  and  2,4-dinitrotoluene,  while  anhydri-2-hydroxymercuriterephthalic  acid  was  converted  into  nitro- 
terephthalic  acid.  As  in  the  reaction  with  ace toxymetcuri-m- nitrobenzene  [8],  the  absence  of  nitrophenols  in 
the  latter  cases  is  explained  by  the  fact  that  due  to  the  reduced  basic  properties  of  the  nitroso  group,  nitroso 
derivatives  of  p-nitrotoluene  and  terephthalic  acid  are  incapable  of  further  conversion  of  nitrophenols  and  can 
only  be  oxidized  to  nitro  compounds. 
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EXPERIMENTAL 


Preparation  of  Mercury  Derivatives  and  Their  Properties 

Acetoxymcrcuri-p- dichlorobenzene.  A  mixture  of  200  g  of  p- dichlorobenzene, 40  g  of  mercuric  acetate, 

60  ml  of  glacial  acetic  acid,  and  1  ml  of  ligroin,  which  was  added  to  wash  the  sublimed  p- dichlorobenzene  from 
the  reflux  condenser,  was  heated  at  125*  for  11.5  hr  with  mixing  until  ionic  mercury  was  absent  from  the  solution. 
After  the  dichlorobenzene  had  been  steam  distilled  and  the  mixture  cooled,  the  precipitate  was  collected,  washed 
with  water,  alcohol,  and  ether,  dried,  and  extracted  with  chloroform  in  a  Soxhlet  apparatus.  We  obtained  25.6  g 
(bQ^o,  calculated  on  mercury)  of  acetoxymiercuri-p- dichlorobenzene.  The  colorless  needles  had  m.p.  168.5-169.2* 
(from  alcohol);  a  mixture  with  authentic  acetoxymercuri-p- dichlorobenzene  (m.p.  170.5-171*),  which  was  obtained 
from  2,5-dichloroaniline  through  2,5-dichlorobenzenesulfinic  acid  analogously  to  p-acetoxymercurichlorobenzene 
[5],  had  m.p.  170.5-171*. 

Found  %  C  23.89,  23.94;  H  1.41,  1.58,  CgHgOjCljHg.  Calculated  C  23.68;  H  1.49. 

In  the  experiment  we  also  isolated  bis(2.5-dichlorophenyl)mercury  with  m.p.  235-237*,  which  was  identified 
by  a  mixed  melting  point  with  authentic  material. 

The  action  of  a  saturated  solution  of  sodium  chloride  on  a  methanol  solution  of  acetoxymercuri-p- dichloro¬ 
benzene  at  45-50"  gave  a  good  yield  of  chloromercury- 2,5- dichlorobenzene.  The  colorless  needles  (from  alcohol) 
had  m.p.  207-207.5*;  a  mixture  with  authentic  material  had  m.p.  207-207.5*;  literature  data  [9];  m.p.  208*. 

Bis(2.5-dichlorophenyl)mercury.  A  mixture  of  100  g  of  p- dichlorobenzene,  20  g  of  mercuric  acetate,  30  ml 
of  glacial  acetic  acid,  and  0.5  ml  of  ligroin,  which  was  stfrred  and  heated  under  reflux  at  125*  for  13  hr  and  then 
treated  as  described  above,  yielded  (by  extraction  with  acetone)  7.8  g  of  bis(2,5-dichlorophenyl)mercury.  The 
colorless  needles  (from  a  mixture  of  acetone  and  chloroform)  had  m.p.  236-237*;  a  mixture  with  bis(2,5-dichloro- 
phcnyl)mercury,  which  was  obtained  in  good  yield  by  symmetrization  of  chloromercury- p- dichlorobenzene  with 
copper  powder  and  ammonia,  had  m.p.  236.5-237*;  literature  data  [10]:  m.p.  237*. 

Heating  of  a  solution  of  0.5  g  of  acetoxymercuri-p- dichlorobenzene  in  17  ml  of  p- xylene  (or  mesitylenc) 
for  10  hr  at  142-143*  yielded  0,21  g  of  bis(2,5-dichlorophenyl>Tiercury  with  m.p.  237*.  The  reaction  products 
contained  metallic  mercury. 

Heating  acetoxymcrcuri-p- dichlorobenzene  in  the  absence  of  solvent  at  172°  and  above  yielded  p- dichloro¬ 
benzene  with  m.p.  53-54*. 

Boiling  a  benzene  solution  of  bis(2,5-dichlotophcnyl)mercuty  with  an  alcohol  solution  of  mercuric  chloride 
yielded  chloromercuri-p- dichlorobenzene  with  m.p.  208*. 

Anhydro  2-hydrox\Tncrcuritcrephthalic  acid.  A  mixture  of  5  g  of  chloromcrcuri-p- xylene  (or  an  equi- 
molecular  amount  of  acetoxymercuri-p-xylene),  100  ml  of  ffVo  sodium  hydroxide  solution,  and  11  g  of  potassium 
permanganate  in  200  ml  of  water  was  stirred  and  heated  at  95"  for  2,5  hr.  After  destruction  of  the  excess  perman¬ 
ganate  with  alcohol,  the  reaction  mixture  was  filtered  free  from  manganese  dioxide.  Acidification  of  the  filtrate 
with  glacial  acetic  acid  precipitated  anhydro-2-hydroxymercuriterephthalic  acid  in  an  analytically  pure  form  and 
this  was  collected,  washed  with  water,  alcohol,  and  ether,  and  dried  in  vacuum  over  phosphorus  penioxide;  the  light, 
finely  crystalline  powder  was  obtained  in  a  yield  of  4.6  g  (85.3%). 

The  known  method  of  preparing  this  compound  by  mercuration  of  disodium  terephthalate  with  mercuric 
acetate  requires  very  prolonged  (240  hr)  heating  and  subsequent  complex  purification  [11]. 

The  action  of  bromine  in  potassium  bromide  solution  on  mercurated  tcrephthalic  acid  yielded  pure  bromo- 
terephthalic  acid  with  m.p.  298-298.7";  literature  data  [11]:  m.p.  299*. 

2-Chloromercuri-4-nitrotoluene.  By  the  diazo  method,  38  g  of  4-nitro-2-aminotoluene  gave  71,4  g  (85,3%) 
of  the  pure  double  salt  of  4-nitrotoluene-2-diazonium  chloride  and  mercuric  chloride  in  a  ratio  of  2  :  1,  The 
white  crystalline  substance  was  sparingly  soluble  in  the  cold  in  alcohol  and  acetone  and  more  soluble  in  water. 

Found  N  12.4. -12.15:  Hg  28.98,  29.19.  Ci4Hi204N6Cl4Hg.  Calculated  %.  N  12.5;  Hg  29.95. 

Decomposition  of  the  whole  double  diazonium  salt  at  -17  to  “10*  yielded  (by  extraction  with  acetone) 

15.4  g  (38.8%)  of  2-chloromercuri  4-nitrotoluene  with  m.p.  231.5-232";  literature  data  [6];  m.p.  230-231*. 
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The  action  of  copper  powder  and  a  257o aqueous  solution  of  ammonia  on  an  acetone  solution  of  2-chloro- 
mercuri-4-nitrotolucne  yielded  bis(4-nitrotolyl)-2.2’-mercury.  The  crystals  (frotn  ethyl  acetate)  had  m.p.  258.2- 
258.6*. 

Found  '7i  N  5.83.  5.82.  Ci4Mi204N2Hg.  Calculated  ‘7c  N  5.92. 

A  mixture  of  3  g  of  2-chloromcrcuri-4-nitrotoluene,  120  ml  of  a  5‘7o solution  of  sodium  hydroxide,  and  3  g 
of  potassium  permanganate  in  80  ml  of  water  was  stirred  at  95*  for  1  hr  and  treated  as  described  above  in  the  syn¬ 
thesis  of  anhydro-2-hydroxymcrcuriierephthalic  acid.  VVe  obtained  2.22  g  (75'7o)  of  anhydro-2-hydroxymercuri- 
4-nitrobcnzoic  acid. 

According  to  literature  data  [12],  this  compound  was  obtained  by  heating  mercury  p-nitrobenzoate  at  200-220*. 

The  action  of  an  equivalent  amount  of  bromine  in  potassium  bromide  solution  on  anhydro-2-hydroxymercuri- 
4-niirobenzoic  acid  yielded  pure  2-bromo-4-nitrobenzoic  acid  (needles),  which  melted  at  167-168*  after  drying 
over  phosphorus  pentoxide  in  vacuum;  literature  data  [13]:  m.p,  166-167*. 

Oxidative  nitration  of  acetoxymercuri-p-dichlorobcnzene.  Over  a  period  of  20  min,  0,5  g  of  acetoxymercuri- 
p-dichlorobenzene  was  added  with  stirring  to  7  ml  of  5S‘7o nitric  acid  at  75°  and  the  mixture  stirred  at  75*  for  1  hr 
20  min.  For  the  formation  of  nitrogen  oxides  during  the  addition  and  stirring  0.08  g  of  paraformaldehyde  was 
gradually  added  to  the  reaction  mixture.  The  yellow  precipitate  which  formed  when  water  was  added  to  the  reac¬ 
tion  mixture  was  collected  (weight  of  dry  material  0.1  g),  dissolved  in  ether,  and  treated  with  10*70  sodium  bicar¬ 
bonate  solution  and  the  extract  treated  with  dilute  sulfuric  acid  to  yield  a  substance  (needles)  with  m.p.  146.2-147*, 
which  did  not  depress  the  melting  point  of  3,6-dichloro-2,4-dinitrophenol  (m.p.  146.5-147*),  which  was  prepared 
by  nitration  of  2,5-dichlorophcnol  [14].  2,5-Dichlorophenol  was  obtained  by  hydrolysis  of  dia;;otized  2.5-dichloro- 
anilinc  [15]. 

In  addition  to  3,6-dichloro-2,4-dinitrophenol.  the  reaction  mixture  yielded  2,5-dichloronitrobenzene  with 
m.p.  53-53.5*. 

Oxidative  nitration  of  bis(2.5-dichlorophenyl)mercury.  Over  a  period  of  30  min,  0.5  g  of  bis(2,5-dichloro- 
phenyl)mcrcury  was  added  to  7  ml  of  53‘’/o nitric  acid  at  50*  and  the  mixture  stirred  at  75*  for  2  h:  until  a  homo¬ 
geneous  solution  was  formed.  During  the  addition  and  the  stirring,  0.4  g  of  sodium  nitrite  was  added  to  the  reac¬ 
tion  mixture.  The  addition  of  water  to  the  reaction  mixture  precipitated  0.18  g  of  3,6-dichloro-2.4-dinitrophenol, 
which  melted  at  146-147“  after  reprecipitation  from  10*70 sodium  bicarbonate  solution. 

Reaction  of  p- dichlorobenzene  with  aqueous  nitric  acid  in  the  presence  of  mercuric  nitrate.  A  mixture  of 
36  g  oY p-dichlorobenzcne.  276  ml  of  58*7o nitric  acid,  36  g  of  mercuric  nitrate,  1.2  g  of  sodium  nitrite,  and  1  ml 
of  ligroin  was  stirred  at  80*  under  reflux  for  25  hr.  2,5-Dichloronitrobenzene  and  3,6-dichloro-2,4-diniirophenol 
were  obtained  in  small  amounts. 

Heating  a  mixture  of  analogous  composition  (but  without  ligroin)  at  140*  for  7  hr  in  sealed  tubes  yielded 
a  large  amount  of  2,5-dichloronitrobenzcne  (main  product),  2, 5-dichloro-l, 3-dinitrobenzene,  2,5-dichloro-l,4- 
diniirobenzene,  and  mercuric  chloride.  No  nitrophenols  were  detected.  The  composition  of  the  reaction  products 
was  analogous  at  120*. 

The  mixture  of  nitro  compounds  was  vacuum  distilled  and  recrystallized  from  alcohol. 

2.5- Dichloronitrobenzene  formed  needles  (from  alcohol)  with  m.p.  56*;  a  mixture  with  authentic  material 
had  m.p.  55.5-56*;  literature  data  [16]:  m.p.  56*. 

2.5-  Dichloro- 1,3-dinitrobenzene,  which  had  m.p.  102-103*  (literature  data  [16]:  m.p.  105*),  was  treated 
with  a  10  N  alcohol  solution  of  ammonia  at  normal  temperature  to  yield  4-chloro-2,6-dinitroaniline  with  m.p. 
146.8-147°;  literature  data  [16];  m.p,  147*. 

2.5-  Dichloro- 1,4- dinitrobonzene  formed  needles  (from  alcohol)  with  m.p.  119*;  literature  data  [16];  m.p.  119*. 

Mercuric  chloride  formed  needles  (from  water)  with  m.p.  279.5°;  a  mixture  with  authentic  material  melted 
at  279.5*. 

Reaction  of  anhydro-2-hydromercuriterephthalic  acid  with  aqueous  nitric  acid.  Heating  a  mixture  of  0.5  g 
of  anhydro-2-hydroxymercuriterephihalic  acid,  7  ml  of  58*7*j nitric  acid,  and  0.1  g  of  sodium  nitrite  in  a  sealed 
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tube  at  80*  for  7  hr  yielded  0.09  g  (SO^o)  of  nitroterephthalic  acid  with  m.p.  267-268*,  which  was  identified  by 
a  mixed  melting  point  and  through  its  dimethyl  ester. 

Dimethyl  ester:  m.p.  72-74*;  literature  data  [17]:  m.p.  73-74*. 

Reaction  of  2-chloromcrcuri-4-nitrotoluene  with  aqueous  nitric  acid.  Over  a  period  of  30  min,  2  g  of 
2-chloromercuri-4-nitrotolucnc  was  added  with  stirring  to  14  ml  of  SB'/'o  nitric  acid  at  50“  and  the  mixture  stirred 
for  2  hr  at  the  same  temperature.  During  the  addition  and  stining,  0.9  g  of  sodium  nitrite  was  added.  The  addi¬ 
tion  of  water  to  the  reaction  mixture  precipitated  0.7  g  of  a  mixture  of  2-nitroso-4-nitrotoluene  and  2,4-dinitro- 
toluene• 

The  2  nitroso-4-nitrotoluene  was  not  isolated  in  a  pure  form,  but  was  identified  through  4-nitrotolyl-2,r- 
azo-2’- naphthol,  which  was  obtained  by  the  action  of  hydroxylamine  and  2-naphthol  in  sodium  carbonate  solution 
on  an  alcohol  solution  of  the  mixture  of  reaction  products  (analogous  to  the  preparation  of  phenylazo-1- naphthol 
from  nitrosobenzene  [18]).  The  red-violet  needles  (from  alcohol)  had  m.p.  212-212.5*  (decomp.);  a  mixture  with 
4-nitrotolyl- 2,1' -azo- 2’ -naphthol,  which  was  obtained  from  4-nitro-2-aminotoluene  and  2-naphthol  (m.p.  211.5- 
212*),  had  m.p.  212-212.5*  (decomp.);  literature  data  [19];  m.p.  204*(decomp.). 

2,4-Dinitrotoluene  was  identified  by  a  mixed  melting  point  with  authentic  material. 

All  the  substances  isolated  were  checked  by  elementary  analysis. 

We  would  like  to  thank  S.  V.  Bogdanov  for  directing  the  work. 

SUMMARY 

1.  Depending  on  the  duration  of  the  reaction,  mercuration  of  p- dichlorobenzene  with  mercuric  acetate  in 
acetic  acid  at  125*  formed  acetoxymercuri-p-dichlorobenzene  or  bis(2,5-dichlorophenyl>nercury. 

2.  The  oxidation  of  chloro(or  acetoxy)mercuri-p-xylene  and  2-chloromercuri-4-nitrotoluene  with  perman¬ 
ganate  in  an  alkaline  medium  led  to  anhydro-2-hydroxymercuriterephthalic  and  anhydro-2-hydroxymercuri-4- 
nitrobenzoic  acids,  respectively. 

3.  The  action  of  58*70  nitric  acid  containing  nitrogen  oxides  on  acetoxymercuri-p- dichlorobenzene  and 
bis(2,5-dichlorophenyl)mercury  formed  3,6-dichloro-2,4-dinitrophenol  and  2,5-dichloronitrobenzene.  Under 
analogous  conditions,  2-chloromercuri-4-nitrotoluene  was  converted  into  2-nitroso-4-nitrotoluene  and  2,4-dinitro- 
toluene.  while  anhydro-2-hydroxymercuriterephthalic  acid  (in  a  sealed  tube)  was  converted  into  nitroterephthalic 
acid. 

4.  Nitration  of  p-dichlorobenzene  at  80*  with  587o  nitric  acid  in  the  presence  of  mercuric  nitrate  gave  a 
very  low  yield  of  3,6-dichloro-2,4-dinitrophenol  and  2,5-dichloronitrobenzene;  increasing  the  temperature  to 
120-140*  led  only  to  the  nitro  derivative  of  p-dichlorobenzene. 
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Substances  with  strong  insecticide  properties  are  found  among  organophosphorus  compounds  of  the  general 
formula  (RO)2P(X)Y(CH2)jjZ,  where  X  and  Y  are  sulfur  or  oxygen,  Z  is  an  electronegative  residue  (SR,  NR2,  Cl, 
etc.),  and  n  =  1  or  2  [1-3].  The  following  insecticides  are  substances  of  this  type  with  n  =  2:  "systox"  (mercaptophos), 
which  is  a  mixture  of  isomers  (X  =  S,  Y  =0,  and  X  =  O,  Y  =  S  when  R  =  C2H5  and  Z  =  -SC2H5);  "metasystox,"  which 
is  also  a  mixture  of  isomers  similar  to  "systox”  and  differing  from  it  in  the  alkoxyl  radical  (R  =  CH3)  [1,4];  the  prep¬ 
arations  M-74  and  M-81  (X  and  Y  =  S;  Z  =“-SC2H5;  M-74:  R  =  C2H5;  M  81;  R  =  CH3)  [5,6],  and  also  diethyl 
S-B-chloroethyl  dithiophosphate  [4,  7]  and  many  other  organophosphorus  compounds. 

Known  insecticides  with  n  =  1  include  "thimet"  (L  =  11-6XX  and  Y  =  S,  R  =  C2H5,  Z  =  -  SC2H5)  [1]; 


"guzathion"  (X=Y=S),  Z=- 


N 


N 


[8],  dialkyl  S-chloromethyl  thiophosphates  [9],  etc.  [10,  11]. 


During  our  investigations  of  organophosphorus  insecticides,  we  considered  it  interesting  to  prepare  and  study 
the  vinylogs  of  compounds  of  the  type  mentioned;  (RO)2P(X)Y(CH2)nCH  =C(Z)R. 

We  were  interested  in  comparing  the  toxicity  for  warm-blooded  anima’s  and  insects. 


Dialkyl  chlorobutenyl  phosphates  and  their  thio  analogs  of  the  general  formula;  (RO)2P(X)YCH2CH  =  CCICH3 
(X  and  Y  are  sulfur  or  oxygen)  were  found  to  be  readily  obtainable  as  1,3-dichlorobiitenc  and  y  -chlorocrotyl  alcohol, 
respectively,  accessible  substances).  Among  compounds  of  this  type  dialkyl  S- 3- chlorobutenyl- 2 dithiophosphates, 
(R0)2P(S)SCH2CH  =CClCH3,are  known;  they  were  prepared  by  Tichy  [12]  from  dialkyl  dithiophosphates  and  1,3- 
dichlorobutene  in  methyl  ethyl  ketone  in  the  presence  of  sodium  carbonate. 

We  prepared  the  same  substances  by  a  simpler  method,  namely,  from  dialkyl  dithiophosphates  and  1,3-di- 
chlorobutene  in  the  presence  of  aqueous  alkali 


(110)2PSS1I  -1-  NaOH  +ClCll2Cn=CClClIn  —> 

— *  (RO)2r(S)SCn2Cll=CClGll3-l-  NaCl  +  II2O 
The  constants  of  the  substances  obtained  agreed  with  data  in  [12]. 

Dialkyl  S -3- chlorobutenyl- 2  thiolphosphates  were  synthesized  by  alkylation  of  the  sodium  salts  of  dialkyl 
monothiophosphoric  acids  [13]  with  1,3-dichlorobutene. 
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(RO)2P(SpNa  +  CICH2CH  =  CCICH3  ->  (R0)2P(0)SCH2CH  =  CCICH3  +  NaCl 


Diethyl  3-chlorobutenyl-2  thionephosphate  was  obtained  by  the  reaction  of  diethyl  chlorothione phosphate 
with  y-chlorocrotyl  alcohol  in  the  presence  of  alkali. 

(CaHgOliPSCl  +  HOCH2CH  =  CCICH3— (C2H50)2P(SXX:H2CH  =  CCICH3 

Finally,  sulfur- free  diethyl  chlorobutenyl  phosphate  was  synthesized  from  diethyl  chlorophosphate  and 
y -chlorocrotyl  alcohol  in  ether  in  the  presence  of  triethylaminc. 

(C2H50)2P0CI  +  HOCH2  -CH  =  CC1CH3-^^^^  (CjHgOzPfO)  Q-CHj- 
-CH  =  CCICH3  +  (C2H5)3N  •  HCl 

The  constants  and  the  analyses  of  the  substances  obtained  are  given  in  the  table. 

The  toxicity  of  the  preparations  was  studied  on  w’hite  mice. 

The  insecticide  properties  of  the  substances  synthesized  were  studied  in  laboratory  experiments.  The 
substances  were  used  as  emulsions,  obtained  from  concentrates  containing  307oof  the  active  principle  and  70^0 
of  the  auxiliary  substance  OP- 7. 

The  contact  and  systematic  activity  of  the  preparations  were  studied  by  methods  published  previously 
[6,  14-16].  From  the  data  obtained  it  follows  that  the  compounds  tested  have  contact  activity,  though  it  is  low. 
The  activity  of  all  of  them  was  much  lower  than  that  of  thiophos.  Among  them  M-94  and  95  were  found  to  be 
most  toxic  (100% mortality  of  Eurygaster  integriceps  with  0.05% emulsion),  then  followed  M-98  and  M-93.  and 
the  least  toxic  were  M-96  and  M-92. 

All  the  compounds  tested  had  practically  no  systemic  action. 

EXPERIMENTAL 

Dialkyl  S- 3- chlorobutenyl- 2  dithiophosphates.  An  equimolecular  amount  of  1,3-dichlorobutene  was  added 
to  an  aqueous  solution  of  the  salt  of  the  dialkyl  dithiophosphoric  acid,  obtained  by  neutralization  of  the  acid  [17] 
with  10%  sodium  hydroxide  solution  (either  pure  or  unredistilled  acid  could  be  used  for  the  reaction).  The  reaction 
mixture  was  heated  on  a  water  bath  with  stirring  for  1.5-2  hr.  The  organic  layer  was  then  separated,  the  aqueous 
layer  extracted  with  ether,  the  ether  extract  combined  with  the  organic  layer,  and  the  solution  dried  with  sodium 
sulfate.  The  ether  was  removed  an^  the  residue  fractionated  in  vacuum.  The  yield  of  full  esters  of  dithiophos¬ 
phoric  acid  was  67-85%. 

Dialkyl  S- 3- chlorobutenyl -2  thiolphosphates.  A  mixture  of  0.1  mole  of  sodium  dialkyl  monothiophosphate 
and  0.1  mole  of  1,3-dichlorobutenc  in  dry  alcohol  was  iieated  on  a  water  bath  with  stirring  for  4  hr.  The  precip¬ 
itate  of  sodium  chloride  was  removed  by  filtration  and  the  filtrate  fractionated  in  vacuum. 

Diethyl  3-chlorobutenyl-2  thionephosphate.  A  mixture  of  0.1  mole  of  diethyl  chlorothione  phosphate, 

0.1  mole  of  sodium  hydroxide  as  a  concentrated  aqueous  solution,  and  0.12  mole  of  y -chlorocrotyl  alcohol  was 
stirred  at  room  temperature  for  4  hr.  The  organic  layer  was  separated,  dried  with  sodium  sulfate,  and  fractionated 

Diethyl  3- chlorobutenyl- 2  phosphate.  To  a  solution  of  0.1  mole  of  diethyl  chlorophosphate  and  0.1  mole 
of  triethylaminc  in  30  ml  of  dry  ether  was  added  0.1  mole  of  y -chlorocrotyl  alcohol  with  stirring  at  room  tem¬ 
perature.  The  reaction  mixture  was  stirred  for  1  hr,  and  then  the  precipitate  of  triethylaminc  hydrochloride 
removed  by  filtration  and  the  filtrate  dried  with  sodium  sulfate  and  fractionated. 

The  constants  and  analyses  of  all  the  substances  obtained  are  given  in  the  table. 

SUMMARY 

1.  Some  esters  of  y  -chlorocrotyl  alcohol  and  dialkyl  phosphoric  and  thio-  and  dithiophosphoric  acids 
were  prepared. 

2.  The  toxicity  of  the  substances  obtained  toward  warm-blooded  animals  and  insects  was  studied.  The 
substances  may  be  arranged  in  the  following  scries  with  respect  to  toxicity  toward  warm-blooded  animals: 
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phosphates,  thiolphosphates.  thionephosphates.  and  diihiophosphates.  The  series  is  somewhat  different  with 

respect  to  contact  toxicity  toward  insects:  thiolphosphates,  thionephosphates,  dithiophosphates,  and  phosphates. 

The  substances  had  no  pronounced  systemic  action. 
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PREPARATION  OF  1,5*  AND  2 . 6- C  H  LORO  N  A  PHT  HO  LS 

N.  N.  Vorozhtsov,  Jr.,  and  V.  N.  Lisitsyn 

D.  I.  Mendeleev  Moscow  Chemicotechnological  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  2816-2817, 

September,  1960 

Original  article  submitted  September  17,  1959 


1.5-  and  2,6-chloronaphthols  were  proposed  some  time  ago  as  the  azo  components  for  metal -containing 
azo  dyes  [1].  There  are  few  data  in  the  literature  on  methods  for  preparing  these  chloronaphthols  and  the  synthesis 
routes  themselves  are  complex. 

2.6- Chloronaphthol  is  formed  by  boiling  l,6-dichloro-2-naphthol  with  iron  sulfate  and  sodium  hydroxide  [2] 
or  by  heating  2,6-chloronaphthol- 4- sulfonic  acid  with  sodium  amalgam  in  hydrochloric  acid  [3].  Together  with 

*  2,6-dichloronaphthalene.  2,6-chloronaphthol  is  obtained  by  heating  potassium  2- naphthol- 6- sulfonate  with  phos¬ 
phorus  pentachloride  [4].  The  formation  of  1,5-chloronaphthol  was  observed  in  the  fast  distillation  of  y  -(2-chloro- 
phenyl)-paraconic  acid  [5]. 

It  seemed  interesting  to  us  to  prepare  1,5-  and  2,6-chloronaphthols  from  the  corresponding  dichloronaphthalenes 
in  analogy  with  the  preparation  of  chlorophenols  from  dichlorobenzenes  [6]  and  1,4-chloronaphthol  from  1,4-dichloro- 
naphthalene  [7]. 

We  converted  dichloronaphthalenes  into  chloronaphthols  by  the  action  of  sodium  hydroxide  in  methanol. 

The  1,5- (or  2,6-)  dichloronaphthalenes  reacted  almost  completely  wheti  heated  in  an  autoclave  at  195-200*  with 
sodium  hydroxide  in  methanol  with  copper  added.  A  small  amount  of  the  methyl  ether  was  formed  as  a  by-product 
in  the  preparation  of  1,5-chloronaphthol. 


EXPERIMENTAL  • 

The  starting  materials  were  1,5-dichloronaphthalene  (m.p.  105.5-106.0*)  and  2,6-dichloronaphthalene 
(m.p.  135.5-137.5°).  Melting  points  of  107°  and  135*and  140-141°,  respectively,  are  reported  in  the  literature  [8]. 

1,5-chloronaphthol.  A  mixture  of  10.0  g  (0.051  mole)  of  1,5-dichloronaphthalene,  6.0  g  (0.15  mole)  of 
powdered  sodium  hydroxide,  0.2  g  of  copper  powder,  and  45  ml  of  methanol  was  heated  in  a  175- ml  rotating  auto¬ 
clave  for  6  hr  at  195-200°.  The  methanol  was  distilled  from  the  filtered  reaction  mixture;  steam  distillation  of  the 
residue  gave  1.67  g  of  a  substance  with  m.p.  45-52°,  which  was  recrystallized  from  dilute  alcohol  to  yield  the 
methyl  ether  for  1,5-chloronaphthol  as  white  leaflets  with  m.p.  55-56°.  A  mixed  melting  point  with  authentic 
methyl  ether  of  1,5-chloronaphthol  (m.p.  58  -  59°,  see  below  for  its  synthesis)  was  not  depressed.  The  distillation 
residue  was  filtered  and  acidified  with  dilute  sulfuric  acid  to  Congo.  A  gray  precipitate  formed  and  this  was 
collected  and  dried.  We  obtained  7.4  g  (81.6%)  of  1,5-chloronaphthol  with  m.p,  125-126*.  Recrystallization  from 
ligroin  yielded  colorless  needles  with  m.p.  130.5-131.5*. 

Found  %  C  67.04.  67.11;  H  3.67,  3.84;  Cl  19.93.  20.04.  C10H7OCI.  Calculated  %:  C  67.24;  H  3.95; 

Cl  19.85. 

Acetylation  with  acetic  anhydride  [9]  yielded  the  acetyl  derivative  of  1,5-chloronaphthol  with  m.p.  53*. 


•With  the  help  of  E.  M.  Bykova. 
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Found  lx  C  65.24,  65.54;  H  4.35,  4.25;  Cl  15.90.  C;_oT’<,C'iCl.  Calculated  C  65.32;  H  4.11;  Cl  16.07. 

Literature  data  [10];  for  1,5-chloronanhthol.  ni.p.  131-132*;  for  the  acetyl  derivative,  m.p.  53*. 

The  methyl  ether  of  1.5-chlo:onapl,thcl  was  obtained  by  the  action  of  an  ether  solution  of  diazomethane 
on  1,5-chlcronaphihol.  The  in.p.  stas  58-59*. 

Found  C-:  Cl  17.9.  CnI^OCl.  Calculated  %  Cl  18.4. 

Eight  experiments  on  the  prcpanition  of  1,5-chloionaphthol  were  carried  out  under  the  same  conditions; 
the  yields  were  73.3-81.b7a 

2,6-Chloronaplithol.  The  preparation  was  analogous  to  that  described  above.  Recrystallization  of  the 
product  from  ligroiit  (b.p.  95-125°)  gave  a  66- 747o  yield  of  2,6-chloronaphthol  as  long  platelets  with  m.p.  114-115*. 

The  acetyl  derivative  had  m.p.  100-101*;  literature  data:  for  2,6-chloronaphthol,  m.p.  115*  [11);  for  the 
acetyl  derivative,  m.p.  100-101°  [3). 


SUMMARY 

Heating  1,5-  (or  2,6-)  dichloronaphthalenes  with  .sodium  hydroxide  in  methanol  in  the  presence  of  copper 
yielded  the  corresponding  chloronaphthols.  Trie  methyl  ether  of  1,5-chloronaphthol  was  formed  as  a  by-product 
from  1,5-dichloronaphthalene. 
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In  recent  years,  derivatives  of  borine,  BH3,have  acquired  great  value  for  selective  reduction  of  functional 
groups  of  organic  compounds.  A  voluminous  literature  is  devoted  to  the  use  of  the  binary  hydrides,  sodium  boro- 
hydride  (NaBH4)  [1,  3]  and  lithium  borohydride  (LiBH^)  [2,  31,  for  the  reduction  of  various  classes  of  organic  com¬ 
pounds.  There  are  data  on  the  reducing  action  of  diborane  with  respect  to  aldehydes  and  ketones  [4]  and  also 
acids,  nitriles,  and  azo  compounds  [5].  There  is  definite  interest  in  the  products  from  the  addition  of  the  borine 
group  to  aminos,  ethers,  and  others  from  the  point  of  view  of  their  reducing  power  toward  organic  compounds. 

Until  recently  there  were  no  communications  in  the  literature  on  this  problem,  but  when  the  present  work  was 
being  completed  there  appeared  data  on  the  possibility  of  using  dimethylaminoborine  (CH3)2NH  •  BH3  and  trimethyl- 
aminoborine  (CH3)3N  '  BH3  for  the  reduction  of  carbonyl- containing  compounds  [6].  The  results  of  reducing  carbonyl 
compounds  with  pyridinoborine  [7]  showed  that  the  behavior  of  this  compound  differs  somewhat  from  the  behavior 
of  metal  borohydrides. 

In  previous  work  [8,  9]  some  complexes  of  borine  with  aromatic  and  heterocyclic  amines  were  studied;  the 
behavior  of  pyridinoborine  towards  such  oxidants  as  potassium  iodate,  potassium  permanganate,  and  silver  nitrate 
have  also  been  investigated  [10]. 

The  present  work  was  undertaken  to  determine  the  reducing  power  of  pyridinoborine  with  respect  to  organic 
carbonyl  compounds,  in  particular,  benzaldehyde  and  benzoyl  chloride. 

Reduction  of  benzaldehyde  with  p^Tidinoborine  led  to  benzyl  alcohol.  The  following  scheme  may  be  put 
forward  for  the  reduction  of  benzaldehyde.  It  is  probable  that  the  intermediate  complex  CgHgCHO  •  BII3  •  NC5H5 
is  formed  first  in  the  solution.  There  is  then  intramolecular  reduction  of  the  carbonyl  group  by  the  hydride  hy¬ 
drogen  of  the  borine  group  (the  complex  is  shown  as  a  monomer  for  simplicity  [8]). 

CeHgCHO  +  C5H5N  •  BH3  -.[CgHsCHO  *  BH3  •  NC5H5I  ->  [CsHsCHzOBHal  +C5H5N 

benzyloxyborine 

Subsequent  hydrolysis  of  benzyloxyborine  in  the  acid  medium  liberated  benzyl  alcohol,  the  yield  of  which 
was  90%, with  a  molar  ratio  of  aldehyde  to  p)Tidinoborine  of  1  :  1. 

[C6H5CII2OBH2]  +  3H2O  ->C6HsCH20H  +  H3BO3  2H2 

If  a  molar  ratio  of  2  :  1  was  used,  then  more  than  half  of  the  aldehyde  taken  did  not  react  and  the  yield 
of  benzyl  alcoliol  was  40% 

The  reduction  of  benzoyl  chloride  with  pyridinoborine  also  led  to  benzyl  alcohol  in  yield, with  the 
benzoyl  chloride  reacting  with  pyridinoborine  in  a  molar  ratio  of  1  ;  2.  Thus,  only  one  hydrogen  atom  of  the 
borine  group  is  active  in  p>Tidinoborine. 

P)Tidinoborinc  reduces  benzaldehyde  and  benzoyl  chloride  even  at  room  temperature  and  the  reduction  of 
the  latter  proceeds  vigorously.  The  reaction  was  completed  by  gentle  heating.  Prolonged  boiling  in  pyTidinc 
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and  also  overheating  of  the  reaction  mixture  led  to  a  fall  in  the  benzyl  alcohol  yield,  apparently  as  a  result  of 
the  polymerization  of  pyridinoborine.with  the  formation  of  an  orange  mixture. 

Bcnzaldchyde  and  benzoyl  chloride  were  reduced  in  benzene  and  p)Tidinc.  The  reduction  proceeded  more 
rapidly  in  p)T:idine  and  led  to  considerably  higher  yields  of  benzyl  alcohol.  The  effect  of  the  nature  of  the  solvent 
on  the  reducing  action  of  p';Tidinoborine  is  indicated  by  recent  literature  data  [7].  Thus,  the  reduction  of  benzal- 
dehyde  hardly  occurs  in  ether, while  in  benzene  it  proceeds  to  a  considerable  extent.  Benzoyl  chloride  is  not 
reduced  in  carbon  tetrachloride. 

P)Tidinoborine  has  a  number  of  positive  qualities  and  in  some  respects  it  is  better  to  use  than  alkali 
metal  borohydrides  and  gaseous  diborane.  Under  normal  conditions,  p)Tidinoborinc  is  a  liquid  which  is  stable  in 
dry  air.  Fyridinoborine  dissolves  in  ether,  benzene,  nitrobenzene  and  pyridine  and  is  stable  at  room  temperature 
toward  water,  methanol  and  ethanol  [8],  which  makes  it  possible  to  use  it  in  these  solvents. 

The  data  obtained  indicate  that  pyridinoborine  is  similar  in  reducing  qualities  to  diborane  and  metal  boro- 
hydrides;  iiowcver,  in  contrast  to  diborane  in  diglyme  [5],  p)Tidinoborine  is  capable  of  reducing  an  acid  chloride. 

It  would  be  more  conect  to  regard  diborane  in  diglyme  as  a  complex  of  diborane  with  diglyme  and  speak  of  the 
reducing  power  of  this  compound  of  diborane  with  diglyme  although  the  donor  power  of  digl)7iie  is  low. 

As  other  authors  have  shown  [7],  pvTidinoborine  may  be  used  successfully  for  the  reduction  of  substituted 
benzaldehydes  of  the  type  p-XCeHiCIIO  (where  X  =C1,  Br,  NO2)  and  also  benzophenone  and  benzoic  acid. 

EXPERIMENTAL 

PvTidinoborine  was  obtained  by  passing  diborane  into  dry  pyridine  at  0"  [6].  The  reduction  was  carried  out 
in  dry  pyaidinc.  The  reduction  of  bcnzaldetiyde  by  p)Tidinoborinc  was  carried  out  in  a  0.3- liter,  three- necked 
flask,  fitted  with  a  mechanical  stirrer,  a  reflux  condenser,  and  a  dropping  funnel.  To  5.3  g  (0.05  mole)  of  benzal- 
dehyde  was  gradually  added  a  solution  of  6.0  g  (0.065  mole)  of  pyridinoborine  in  7  ml  of  pyridine.  Slight  heat 
evolution  observed.  The  mixture  was  heated  at  100°  for  1  lir  and  then  diluted  with  10  ml  of  benzene  and  decom¬ 
posed  with  30  ml  of  hydrochloric  acid  (1 :  1);  thereupon  hydrogen  was  liberated.  The  benzene  layer  was  shaken 
with  6  ml  of  saturated  sodium  bisulfite  solution;  no  precipitate  of  the  bisulfite  derivative  of  the  bcnzaldchyde  was 
formed.  The  aqueous  layer  was  extracted  with  benzene  and  the  combined  benzene  extracts  were  v;ashed  with  very 
dilute  acid  and  then  water  and  dried  with  sodium  sulfate.  Distillation  yielded  4.8  g  {d0°lo)  of  benzyl  alcohol  with 
b.p.  203.8-204.0°,  n’^U  1.5394. 

The  reduction  of  benzoyl  chloride  with  pyTidinoborinc  was  analogous  to  the  reduction  of  benzaldehyde.  To 
7.03  g  (0.05  mole)  of  benzoyl  chloride  was  gradually  added  a  solution  of  9.4  g  (0.1  mole)  of  pyridinoborine  in 
8  ml  of  dry  pyridine,  when  a  voluminous  precipitate  of  pyTidine  hydrochloride  formed.  After  the  addition  of  20  ml 
of  hydrochloric  acid  (1  :  1)  and  10  ml  of  benzene,  the  organic  layer  was  separated  and  washed  with  sodium  bisul¬ 
fite  solution.  The  absence  of  a  precipitate  of  the  bisulfite  derivative  indicated  that  no  benzaldehyde  was  formed. 
The  benzene  layer  was  extracted  with  an  aqueous  alcohol  solution  of  sodium  hydroxide  to  remove  benzoic  acid; 
the  addition  of  hydrochloric  acid  (1  :  1)  to  the  alkaline  extract  precipitated  0.11  g  of  benzoic  acid  with  m.p.  120*. 

The  benzene  layer  was  washed  with  very  dilute  acid  and  then  water  and  distilled.  We  obtained  5.2  g  (96*7o) 
of  benzyl  alcohol  with  b.n.  203.5-204.0°,  n'^'^D  1.5396. 

SUMMARY 

The  reducing  power  of  pyTidinoborine  with  respect  to  benzaldehyde  and  benzoyl  chloride  was  studied. 

Benzyl  alcohol  was  obtained  in  the  two  cases  in  yields  of  up  to  90  and  26°Jo,  respectively. 
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When  3-hydroxy-  and  3-mercaptofuranidinotriazines  had  been  obtained  in  good  yields  [1],  in  the  present 
work  we  attempted  to  synthesize  the  same  condensed  system  containing  1,2,4- triazine  and  furanidine  rings,  but 
without  functional  substituents.  For  this  purpose  monoacylhydrazones  of  2,2,5,5-tetraalkylfuranidine-3,4-diones 
were  heated  with  an  alcohol  solution  of  ammonia  at  130-160“  in  an  autoclave  according  to  the  procedure  described 
for  tile  synthesis  cf  3-all:yl(aryl)- 1,2,4-triazincs  [2],  We  prepared  the  acylhydrazones  by  the  reaction  of  ot-diketones 
and  acylhydrazines;  the  monoacetylhydrazone  of  2,2,5,5-tetramcthylfuranidine-3,4-dione  (I)  was  also  obtained  by 
acetylation  of  the  monohydrazone  of  tliis  diketone  (II). 
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However,  it  was  found  that  heating  of  monoacylhydrazones  of  2.2,5,5-tetraalkylfuranidine-3,4-diones  with 
alcoholic  ammonia  at  160“  produced  almost  complete  resinification  of  the  reaction  mixture.  When  the  tempera¬ 
ture  was  reduced  to  80“,  it  was  only  in  the  case  of  the  beazoylhydrazone  of  2,2.5,5-bistctramethylenefuranidine- 
3.4-dione  (III)  that  we  were  able  to  obtain  3-phenyl-5,5,7,7-bistctramethylenefuranidino-(3,4)-l,2,4-triazinc(IV) 
in  OO^ii'o  yield. 
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In  the  other  cases  the  reaction  under  these  conditions  was  more  complex  and  led  to  a  mixture  of  conversion 
products.  Thus,  from  the  reaction  product  of  the  acetylhydrazone  of  2, 2, 5, 5  tctramethylfuranidine-3,4-dione  (I) 
and  alcoholic  ammonia  (2.5  hr  at  70-80*)  we  isolated  the  diacetylhydrazone  of  2,2,5,5-tetramethylfuranidine- 
3,4-dione  (V),  2,2,4,4,6,6,8,8-octamethyldifuranidino-(3,4)-p\Tazinc  (VI),  and  2,2,5,5-tetramethylfuranidone-3 
(VII).  Analogously,  from  the  benzoylhydrazone  of  2,2,5,5-tetramethylfuranidinc-3,4-dionc  (VIII)  we  obtained 
the  dibenzoylhydrazone  of  2,2,5,5-tetramethylfuranidine-3,4-dione  (IX)  and  the  same  2,2,4,4,6,6,8-,8-octamethyl- 
difuranidino-(3,4)-pyrazine  (VI). 
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These  conversions  occurred  only  under  the  action  of  an  alcohol  solution  of  ammonia;  no  changes  in  (I)  were 
observed  when  it  was  heated  with  alcohol  or  a  benzene  solution  of  ammonia.  With  less  prolonged  heating  of  the 
acetylhydrazonc  of  2,2,5,5-tetramethylfuranidine-3,4-dione  (I)  with  alcoholic  ammonia  in  an  autoclave  (1  hr  at 
70-80*),  ammonolysis  occurred  and  this  led  to  the  monohydrazone  of  2,2,5,5-tetramethylfuranidine-3,4-dione  (11) 
and  acetamide. 


The  conversion  of  the  monoacetylhydrazone  of  2,2,5.5,-tetramethylfuranidine-3.4-dione  (I)  into  the  di- 
acetylhydrazone  of  this  diketone  (V),  i.e.,  a  peculiar  symmetrization  reaction,  also  occurred  when  ammonia  was 
passed  through  an  alcohol  solution  of  (I)  at  40-45*;  in  this  case,  the  symmetrization  yielded  2,2,5,5-tetramethyl- 
furanidine-3,4-dione  together  with  (V). 
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(I)  Ac  =  COCfI„  (V)  Ac=COCH,. 

(X)  Ac  =  CHt),  (XI)  Ar  =  CHO, 


It  should  be  noted  that  the  reaction  proceeded  in  this  direction  only  over  a  very  narrow  temperature  range: 
the  conversion  did  not  occur  at  a  lower  temperature  and  at  a  higher  temperature  there  was  ammonolysis  of  the 
monoacylhydrazone  of  2,2,5,5-tetramethylfuranidine-3,4-dione  (I)  with  the  formation  of  the  monohydrazone  of 
this  diketone  (II). 


Thus,  the  reaction  between  acylhydrazones  of  2,2,5,5-tetramethylfuranidine-3,4-diones  and  an  alcohol 
solution  of  ammonia  in  an  autoclave  at  70-80*  proceeds  in  two  directions  simultaneously:  on  one  hand,  there  is 
disproportionation  with  the  formation  of  the  diacylhydrazone  of  the  diketone  and  the  diketone  itself  (symmetriza¬ 
tion),  and  on  the  other,  ammonolysis  with  the  formation  of  the  hydrazone  of  the  diketone  and  the  acid  amide; 
the  diketone  hydrazone  formed  undergoes  further  conversions,  which  result  in  the  formation  of  2,2,5,5-tetramethyl- 
furanidonc-3  and  a  substituted  p>Tazinc. 


The  last  stage  of  the  reaction  described  was  confirmed  by  the  formation  of  2,2,4,4,6,6,8,8-octamethyl- 
difuranidino-(3,4)-pyrazine  (VI)  when  the  hydrazone  of  2,2,5,5-tctramethylfuranidine-3,4-dione  (II)  was  heated 
in  an  autoclave  at  80*  with  alcoholic  ammonia  for  4  hr. 
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EXPERIMENTAL 


Acylliydrazones  of  2,2,5,5-tctraalkylfiiranidine-3,4-dioncs.  A  mixture  of  saturated  solutions  of  equimolecular 
amounts  of  the  acylhydrazine  and  tiio  dikctone  in  anhydrous  alcohol  was  boiled  for  several  hours.  Depending  on  its 
properties,  the  reaction  product  was  isolated  either  by  precipitation  with  water  with  subsequent  recrystallization 
(nteihod  A)  or  evaporation  of  the  solvent  in  vacuum,  treatment  of  the  diacylhydrazone  residue  with  hot  ligroin. 
and  isolation  of  the  monoacetylhydrazone  by  evaporation  of  the  ligroin  solution  (method  B).  The  constants  and 
yields  of  the  hydrazones  and  acylliydrazones  obtained  ate  given  in  the  table. 

3-F’heny1-r>,5,7,7-bistetramethylcncfuranidino-(.3,4)-l,2,4-triazinc  (I\' )•  Into  an  autoclave  were  placed 
1.1  g  of  tile  monobcnzoylhyurazonc  (III)  and  10  ml  of  a  107o  solution  of  ammonia  in  anhydrous  alcohol  and  the 
mixture  heated  at  80°  for  4  hr.  The  reaction  product  consisted  of  a  red  solution  and  yellowish  crystals.  We  ob¬ 
tained  O.G  g  (GO^o)  of  product  with  m.p.  106.5-107.5°  (from  ligroin). 

Found  To;  C  74.32.  74.16;  II  6.85,  6.92;  N  13.63.  13.68.  CijHaiONa.  Calculated  Tot  C  74.23;  H  6.89; 

N  13.67. 

Reaction  of  monoacylhydrazones  of  2,2,5,5-tctramethvlfuranidine-3.4-dlonc  with  an  alcohol  solution  of 
ammonia  tinder  pressure.  A)  A  mixture  of  2  g  of  the  monoacylhydrazone  (I)  and  10  ml  of  a  lOTo solution  of 
ammonia  in  anhydrous  alcohol  v/as  heated  in  an  autoclave  at  70-80°  for  2.5  hr.  From  the  red  solution  we  isolated 
white  crystals  of  the  pyrazuic  (VI)  with  m.p.  235°  (from  anhydrous  alcohol),  which  corresponds  to  literature  data  [3]. 
A  mixed  melting  point  with  authentic  2.2,4.4,6,6,8,8-octamethyldifuranidino-(3,4)-pyrazine  (VI)  was  not  depressed. 
After  separation  of  the  pyrazinc,  the  alcohol  v/as  removed  and  the  ketone  (VII)  distilled;  its  semicarbazonc  melted 
nt  186°  (m.p.  186°  [4])  and  a  mixed  melting  point  with  the  authentic  semicarbazone  of2,2,5,5  -tciramcthylfurani- 
(lonc-3  (VH)  was  not  depressed. 

The  oily  liquid  remaining  after  distillation  of  alcohol  and  the  ketone  (VII)  yielded  a  further  small  amount 
of  p)Tazinc  (VI)  [the  total  yield  was  0.06  g  (bT^)]  and  after  the  addition  of  ligroin,  it  crystallized.  We  obtained 
0.()  g  (377")  of  the  diacetylhydrazone  (V)  with  m.p.  210°  (from  alcohol).  A  mixed  melting  point  with  the  authentic 
diacctylhydrazonc  of  2,2,5,5-tetramcthylfuranidine-3,4-dione  (V)was  not  depressed. 

B)  A  mixture  of  4  g  of  the  benzoylhydrazone  (VIII)  and  20  ml  of  a  107" solution  of  ammonia  in  anhydrous 
alcoliol  was  heated  in  an  autoclave  at  80°  for  4  hr.  The  reaction  product  was  a  dark  solution  and  a  small  amount 

of  white  crystals  of  pyrazinc  (VI)  with  m.p.  235°  (from  anhydrous  alcohol);  a  mixed  melting  point  with  the  authentic 
substance  (VI)  was  not  depressed.  The  oily  liquid  remaining  after  distillation  of  the  alcohol  yielded  a  further  small 
amount  of  pyrazitie  (VI)  [the  total  yield  was  0.06  g  (47")]  and  after  the  addition  of  ligroin,  it  crystallized.  The  pre¬ 
cipitate  was  washed  with  alcohol.  We  obtained  0.6  g  (.327")  of  the  dibenzoylhydrazonc  (DC)  with  m.p.  262*.  A 
mixed  melting  point  with  the  authentic  ditenzoylhydrazoneof  2,2,5,5-tctramctliylfuranidinc-3,4-dione  (IX)  was 
not  depressed. 

C)  A  mixture  of  2  g  of  the  acetylhydrazone  (I)  and  20  ml  of  107o solution  of  ammonia  in  anhydrous  alcohol 
\^^as  heated  in  an  autoclave  for  1  hr  at  70-80°.  The  alcohol  was  evaporated  until  crystallization  of  the  solution 
began.  We  obtained  0.9  g  (537")  of  the  hydrazone  (II)  with  m.p.  103°  (from  ligroin).  A  mixed  melting  point  with 
the  authentic  hydrazone  ot  2,2,5,5-tetramethylfuranidine-3,4-dione  (11)  was  not  depressed. 

Ligroin  was  added  to  the  alcohol  filtrate;  we  isolated  0.3  g  (607®)  of  acetamide  with  m.p.  76-78*.  A  mixed 
melting  point  with  authentic  acetamide  was  not  depressed. 


Reaction  of  acylhydrazonesof  2,2,5,5-tetramcthylfuranidine-3,4-diones  with  an  alcohol  solution  of  ammonia  at 
normal  pressure.  A)  A  stream  of  NH2  was  passed  through  a  solution  of  1  g  of  the  monoacetylhydrazone  (I)  in  10  ml  of 

anhydrous  alcohol  at  40-45*  and  the  solvent  was  evaporated  until  crystallization  began.  We  obtained  0.5  g  of  a 
mixture  of  the  acetylhydrazone  (I)  and  the  diacetylhydiazone  (V),  v%hich  was  separated  with  the  aid  of  ligroin. 

The  yield  of  the  acetylhydr.azone  (I)  was  0.2  g  and  the  m.p.  80-81*.  A  mixed  melting  point  with  the  authentic 
substance  (I)  was  not  depressed.  The  yield  of  substance  (V)  was  0.3  g  (607oon  that  reacting)  and  the  m.p.  210* 
(from  alcohol).  A  mixed  melting  point  with  authentic  (V)  was  not  depressed.  From  the  alcohol  filtrate  after  the 
'  separation  of  substances  (I)  and  (V)  we  obtained  0.4  g  [607" on  the  (I)  reacting]  of  the  2,4-dinitrophcnylhydrazone 
of  2,2,5.5-tetramethylfuranidine-3,4-dione  with  m.p.  204-205*  (204-204.5*  [5j).  A  mixed  melting  point  with  the 
authentic  preparation  was  not  depressed. 
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Constants  and  Properties  of  Hydrazoncs  and  Acylhydrazones  of  2,2.5,5-Tetraalkylfuranidine-3,4-diones 


Acylhydrazones  of  2, 2,5,5- 
tetraalkylfuranidine-  3,4- 
diones 

Yield  (7o) 
and  isola¬ 
tion  method 

Melting 

Found  (7o) 

Calculated  {%) 

point 

C 

H 

N 

C 

H 

N 

Monoacetylhydrazone  of  2, 2,5,5- 
tetramethylfuranidine-3,4- 
dione  CjoHjg03N2  (I) 

84.8  (A) 

80-81* 

(from 

alcohol) 

36.81 

56.83 

7.84 

7.71 

12.93 

12.36 

56.58 

7.59 

13.20 

Hydrazonc  of  2,2,5,5-tetrameth- 
ylfuranidine  -  3 ,4-  dione 
CiHmOjNz  (II) 

92  (A) 

103 

(from 

alcohol) 

56.57 

56.52 

8.43 

8.49 

16.37 

16.27 

56.45 

8.29 

16.46 

Monobenzoylhydrazone  of 
2,2,5,5-bistetramethylene- 
fu  ran  id  ine  -  3 , 4  -  d  ione 

CjsHjjOaNj  (in) 

19  (B) 

90-91.5 

(from 

ligroin) 

8.80 

8.91 

8.58 

Diacetylhydrazone  of  2, 2,5,5- 
tetramethylfuranidine-3,4- 
dione  C12H20O3N4  (V) 

44  (A) 

210 

(from 

alcohol) 

53.71 

53.47 

7.49 

7.65 

20.38 

20.16 

53.71 

7.51 

20.88 

Monobenzoylhydrazone  of 

2, 2, 5, 5-  tetramethyl- 
furanidine*3,4-dione 

C15H18O3N2  (vni) 

58  (A) 

124.5-125 

(from 

alcohol) 

10.05 

10.03 

10.21 

Dibenzoylhydrazone  of  2, 2,5,5- 
tetramethylfuranidine-3,4- 
dione  Cy»l (I^) 

67  (A) 

262-262.5 
(from  amyl 
acetate) 

14.14 

14.26 

14.28 

Monoformylhydrazone  of 
2,2,5,5-tetramethylfuranidine- 
3, 4- dione 

C9H14O3N2  (X) 

20  (B) 

58-60 

(from 

ligroin) 

14.21 

14.38 

14.13 

Diformylhydrazone  of  2,2,5,5- 
tetramethylfuranidine-3,4- 
dione  CjQHjg03N4  (XI) 

21  (B) 

155-156 
(from  isoamy 
alcohol) 

1 

23.10 

23.21 

23.32 

B)  A  fast  stream  of  ammonia  was  passed  for  40  min  through  a  solution  of  0.9  g  of  the  monoformylhydrazone 
(X)  in  20  ml  of  anhydrous  alcohol  at  20-30".  Evaporation  of  part  of  the  solvent  and  the  addition  of  ligroin  yielded 
0.15  g  (30*70)  of  the  diformylhydrazone  (XI)  with  m.p.  182-184*  (from  alcohol).  A  mixed  melting  point  with 
authentic  (XI)  was  not  depressed. 

C)  A  fast  stream  of  ammonia  was  passed  for  5  hr  through  a  solution  of  2  g  of  the  monoacetylhydrazone  (I) 
in  20  ml  of  anhydrous  alcohol  and  the  solvent  evaporated  until  crystallization  began.  We  obtained  1  g  (60%)  of 
the  hydrazone  (II)  with  m.p.  103*  (from  ligroin).  A  mixed  melting  point  with  the  authentic  hydrazonc  (II)  was 
not  depressed. 

Reaction  of  the  hydrazone  of  2.2,5,5-tctramethylfuranidine-3,4-dione  with  ammonia.  A  mixture  of  3.7  g 
of  the  hydrazone  (II)  and  33  ml  of  a  107o  solution  of  ammonia  in  anhydrous  alcohol  was  heated  in  an  autoclave 
at  80*  for  4  hr.  Removal  of  the  crystals  (m.p.  235*)  and  evaporation  of  the  solvent  yielded  a  further  small  amount  of 
crystals  with  m.p.  235*,  which  were  the  difuranidinop)Tazine  (VI).  The  yield  was  0.1  g  (47o).  A  mixed  melting 
point  with  authentic  (VI)  was  not  depressed. 


SUMMARY 


The  reaction  of  acylhydrazoncs  of  2,2,5,5-tetraalkylfuranidine-3,4-diones  with  an  alcohol  solution  of  am¬ 
monia  in  an  autoclave  at  80“  proceeds  in  two  directions:  on  the  one  hand,  there  is  disproportionation  with  the 
formation  of  tlie  diketone  diacylhydrazonc  and  the  corresponding  diketone,  and  on  the  other  hand,  ammonolysis 
with  the  formation  of  the  diketone  hydrazone  and  the  acid  amide. 
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CHEMISTRY  OF  5-HALOFURANS 

Xm.  REACTION  OF  5-HALOFURFURALS  WITH  METAL  THIOCYANATES 

Z.  N.  Nazarova  and  O.  A.  Chuprunova 
Rostov-on-Don  State  University 

Translated  from  Zhumal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  2825-2829, 
September.  1960 
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Organic  thiocyanates  have  a  strong  physiological  action  and  find  practical  application  as  insecticides  [1], 
fungicides  [2],  and  tuberculostatic  agents  [3]  and  are  also  the  starting  materials  for  the  preparation  of  sulfur  com¬ 
pounds.  There  are  no  reports  in  the  literature  of  thiocyanate  compounds  with  the  thiocyanate  group  attached  to 
a  furan  nucleus.  Nonetheless,  it  might  be  surmised  that  this  type  of  compound  may  be  of  pharmacological  Interest. 

One  of  the  methods  used  frequently  for  preparing  organic  thiocyanates  is  the  exchange  between  halogen 
derivatives  and  metal  thiocyanates.  We  previously  demonstrated  the  possibility  of  replacing  the  bromine  in  5- 
bromo  derivatives  of  furan  {5-bromofurfural  [4],  5-bromofurylnitroethylene  [4],  methyl  5-btomofurylacrylate  [5], 
bis(5-bromofurfurylidene)acetonc  [6],  and  5-bromofurfurylidencacetophcnone  [7]} by  iodine  and  also  bromine  and 
iodine  by  a  nitro  group  [4,  6,  8].  During  a  subsequent  investigation  we  studied  the  possibility  of  replacing  the 
halogen  in  5-bromofurfurals  by  a  thiocyanate  group.  5-Halo  derivatives  of  furan  have  now  become  quite  accessi¬ 
ble  compounds  and  the  capacity  of  the  halogen  in  the  position  5  of  the  furan  nucleus  gave  hope  of  preparing  thio¬ 
cyanate  derivatives  of  furan  and  from  them,  other  sulfur- containing  derivatives  of  furan  which  have  been  studied 
still  less. 

We  studied  the  reaction  of  5-halofurfurals  with  metal  thiocyanates  (potassium,  sodium,  silver,  lead,  and 
mercury  thiocyanates)  in  various  solvents  (methanol,  acetone,  and  glacial  acetic  acid). 

It  was  found  that  the  replacement  of  halogen  (bromine  and  iodine)  by  a  thiocyanate  group  occurs  only  with 
the  thiocyanates  of  some  metals  of  Group  I  (K,  Na,  and  Cu)  on  heating  in  glacial  acetic  acid  in  the  presence  of 
catalysts,  namely,  copper  salts.  The  best  results  were  obtained  with  cupric  thiocyanate. 


2  II  II  II  i|  -f-CuRr, 

Br-'l  }— CHO  CH,c()OH  NCS— I  i-CIlO 

M) 

However,  it  was  impossible  to  isolate  5-thiocyanofurfural  (I)  in  a  pure  form  due  to  its  high  instability.  In 
an  attempt  at  its  purification  by  vacuum  distillation,  it  decomposed  (resinified)  completely,  but  it  could  be  stored 
indefinitely  in  ether  solution.  In  attempts  at  the  isolation  of  5-thiocyanofurfural  as  its  derivatives,  reaction  occurred 
in  whicli  the  thiocyanate  group  was  changed  and  there  were  formed  either  derivatives  of  2-formyl-5-furylthiocar- 
bonic  acid  (IV)  or  derivatives  of  bl<;(2- formyl- 5- furyl)  disulfide  (VI).  Thus,  the  reaction  of  an  ether  solution  of 
5-thiocyanofurfural  with  2,4-dinitrophenylhydtazine  yielded  the  2,4-dinitrophenylhydrazone  of  2-formyl-5-furyl- 
thiocatbonic  acid  (IV  a),  i.e.,  derivatives  of  the  hydrolysis  product  of  5-thiocvanofurfural  with  semicarbazide 
likewise  yielded  the  semicarbazone  of  2-formyl-5- furylthlocarbonic  acid  (IV  b);  ammonia  was  liberated  when 
the  filtrate  was  made  alkaline.  Boiling  an  other  solution  of  5-tliiocyanofurfural  with  dilute  sulfuric  acid  yielded 
2-formyl- 5-furylthiocarbonic  acid  (HI);  ammonia  was  liberated  quantitatively  when  alkali  was  added  to  the  filtrate 
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and  this  made  it  possible  to  determine  thiocyanofiirfiiral  in  ether  solution  quantitatively.  It  was  impossible  to 
Isolate  the  product  of  incomplete  hydrolysis,  namely,  the  amide  (II). 

A  scries  of  derivatives  of  2- formyl- 5-furylthiocarbonic  acid  were  prepared  from  the  acid  itself,  (oxime, 
scmicarbazone,  and  2.4-dinitrophenylhydrazone).  Reaction  of  5-thiocyanofurfural  \/ith  hydroxylamine  hydrochlo¬ 
ride  and  hydrazine  hydrochloride  (or  sulfate)  yielded  the  corresponding  derivatives  of  bis(2- formyl- 5-furyl)  disul¬ 
fide  (V^I).  The  ion  CN  was  detected  in  the  filtrate.  The  reaction  of  5-thiocyanofurfural  with  thiosemicarbazide 
yielded  the  thiosemicarbazonc  of  bis(2- formyl- 5-furyl)  disulfide. 

Thus,  a  thiocyanate  group  in  position  5  of  the  furfural  molecule  is  extremely  unstable  and  undergoes  either 
hydrolysis  or  elimination  of  the  nitrile  group  in  aqueous  solutions.  This  instability  is  the  result  of  redistribution 
of  electron  density  under  the  action  of  the  electrophilic  substituent  in  position  2  of  the  furan  nucleus. 


c* 


The  new  sulfur-containing  derivatives  of  furan  formed  as  a  result  of  conversion  of  the  thiocyanate  group 
may  be  of  pharmacological  interest. 


The  conversions  described  above  may  be  represented  by  the  following  general  scheme: 


A  =  a)  N-NnC,lI,(NO,),;  A  =  a)  N-OH; 

b)  N-NHCUNH,;  9  N-NH,; 

C)  N-OH.  9  N-NHC.SNH,. 


EXPERIMENTAL 

5-Thiocyanofurfural  (I).  A  mixture  of  17.5  g  of  5-bromofurfural,  12  g  of  cupric  thiocyanate.  0.001  g  of 
hydroquinone,  and  80  ml  of  glacial  acetic  acid  was  heated  periodically  at  70-80*  for  several  days  (about  40  hr)i 
the  flask  was  carefully  protected  from  light  with  black  paper.  The  cooled  mixture  was  filtered  and  poured  into 
200  ml  of  water.  The  thiocyanofurfural,  which  was  liberated  as  a  red-brotvn  oil,  was  rapidly  extracted  with  ether. 
The  ether  extract  was  filtered  and  dried  with  sodium  sulfate. 

The  thiocyanofurfural  was  used  for  subsequent  reaction  as  the  ether  solution,  which  was  diluted  to  100  ml. 

For  determination  of  the  thiocyanofurfural  yield,  a  mixture  of  5  ml  of  ether  solution  and  20  ml  of  10'7o  sulfuric 
acid  was  heated  on  a  water  bath  for  3  hr;  the  amount  of  ammonia  liberated  was  determined  by  the  Kjeldahl  metliod. 
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thiocyanofurfural  was  added  a  solution  of  1.3  g  of  hydrazine  hydrochloride  in  20  ml  of  water.  After  30  min  of 
mechanical  stirring,  a  yellow  precipitate  formed  and  this  was  collected  and  recrystallized  from  50%  alcohol. 

The  m.p.  was  118*. 

Found  %  S  21.62,  21.86;  N  16.88,  16.92.  CioHsOzN^Sz.  Calculated  %.  S  22.35;  N  17.25. 

Thiosemicarbazone  of  bis(2- formyl- 5- furyl)  disulfide  (V  c).  To  20  ml  of  an  ether  solution  (1.8  g  of  thio¬ 
cyanofurfural)  was  added  a  hot  solution  of  2.4  g  of  thiosemicarbazide  and  2  g  of  potassium  acetate  in  40  ml  of 
water.  A  thick,  light-brown  mass  was  deposited  on  the  bottom  of  the  beaker  after  3-hr  stirring  and  this  crystallized 
with  further  stirring.  The  precipitate  was  collected  and  rccrystallized  from  50% alcohol.  The  m.p.  was  137* (decomp.). 

Found  %  S  31.45,  31.34.  Ci2Hj202NeS4.  Calculated  %.  S  32.02. 
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SUMMARY 

1.  The  reaction  of  5-broniofurfiiral  with  potassium,  sodium,  lead,  silver,  mercury,  and  copper  thiocyanates 
in  various  solvents  (acetone,  methanol,  and  glacial  acetic  acid)  was  studied.  It  was  shown  that  the  replacement 
of  bromine  and  iodine  in  5-halofurfurals  by  a  thiocyanate  group  occurs  only  in  glacial  acetic  acid  with  cupric 
thiocyanate  or  alkali  metal  thiocyanates  in  the  presence  of  cupric  salts. 

2.  It  was  shown  that  5-thiocyanofurfural  is  very  unstable  (it  exists  only  in  ether  solution)  and  is  readily 
hydrolyzed  at  the  thiocyanate  group  or  loses  the  cyano  group  to  give  corresponding  sulfur- containing  derivatives 
of  furan. 

3.  The  hydrolysis  of  thiocyanofurfural  yielded  2-formyl-5-furylthiocarbonic  acid,  which  has  not  been  de¬ 
scribed  in  the  literature,  and  its  derivatives  (2,4-dinitrophenylhydrazone,  oxime,  and  scmicarbazone). 

4.  It  was  shown  that  the  reaction  of  5-thiocyancfurfural  with  2.4-dinitrophenylhydrazine  and  semicarbazide 
forms  the  corresponding  derivatives  of  2-formyl-5-furylthiocarbonic  acid;  the  reaction  of  thiocyanofurfural  with 
hydroxylamine  and  hydrazine  hydrochlorides  yields  the  corresponding  derivatives  of  bis(2- formyl-5- furyl)  disulfide. 
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6-lactones  and  6- lactams 

xxn.  NITRATION  OF  5.6-DISUBSTITUTED  2-PYRONES 

N.  P.  Shusherina,  N.  D.  Dmitrieva.  T.  F.  Kozlova, 
and  R.  Y  a  .  Levina 
Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  2829-2832, 
September.  1960 

Original  article  submitted  July  20.  1959 


Literature  data  on  the  nitration  of  2-pyrones  are  limited.  Thus,  the  nitration  (in  position  3)  of  6-methyl- 
4-hydroxy-2-pyrone  was  described  in  [1];  in  [2]  it  was  mentioned  that  the  nitration  of  4,6-dimethyl- 2-pyrone 
gave  a  1270 yield  of  3-nitro-4,6-dimcthyl-2-pyrone. 

In  the  present  work  we  studied  the  nitration  of  5,6-disubstituted  2-pyroncs  (5,  6-cyclohexano-,  5,6-cyclo- 
pentano-,  5,6-dimethyl-,  6-methyl- 5-phenyl-,  and  5- methyl- 6 -phenyl- 2-pyrones),  which  were  obtained  by  the 
method  we  developed  previously  [3,  4].  The  nitration  was  carried  out  with  707o  nitric  acid  (d  1.42)  in  concentrated 
sulfuric  acid  with  careful  temperature  control.  With  a  slight  fall  from  the  optimal  reaction  temperature,  the  start¬ 
ing  pyrone  was  isolated  and  with  a  rise  in  temperature,  the  reaction  mixture  resinified.  Thus,  5,6-cyclohex3no- 
2-pyrone  could  be  nitrated  in  the  temperature  range  from  “5  to— 3*  [the  yield  of'nitro  compound  (I)  was  507o]; 
5,6-dimethyl- 2- pyTone  was  nitrated  at  a  somewhat  higher  temperature  (1-3®)  with  the  formation  of  3-nitro- 5,6- 
dimethyl- 2- pyrone  (II)  in  377’ yield. 


UNO, 


CO 


\/\o/ 

\/\o/ 

(I) 

CH3-A 

HNO._ 

ru 

(H,sd;r  cn,J 

3  Nq/ 

(ID 

The  nitration  of  5,6-cyclopentano-2-pyrone  under  analogous  conditions  did  not  give  positive  results  as  there 
was  strong  resinification  of  the  pyrone.  In  analogy  with  bromopyTones,  for  which  the  position  of  the  bromine  in  the 
pyTonc  ring  has  been  demonstrated  [5],  the  nitropyToncs  obtained  may  be  assigned  the  structure  of  3-nitro- 2- pyTones. 

The  nitration  of  the  isomeric  aryl- 2-pyroncs  (6- methyl- 5- phenyl-  and  5-mcthyl-6-phcnyl-2-pyTones),  which 
was  canied  out  at  -5  to  -3*.  yielded  the  corresponding  nitro  compounds  (79- 847o  yield)  with  the  nitro  group  in  the 
para  position  of  the  benzene  ring;  the  pyrone  ring  was  not  touched. 

The  position  of  the  nitro  group  in  the  nitrophcnylpyroncs  (III)  and  (IV)  was  demonstrated  by  their  oxidation 
with  an  aqueous  solution  of  potassium  permanganate;  p-nitrobcnzoic  acid  was  obtained  in  quantitative  yield  in 
both  cases.  Thus,  it  was  established  that  the  ring  of  2-pyTone  has  an  electron- donor  character. 
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It  was  then  shown  that  the  nitration  of  arylpyroncs  may  be  carried  out  under  more  drastic  conditions,  namely, 
with  fuming  nitric  acid  in  concentrated  sulfuric  acid  at  3-5*.  However,  it  was  found  that  under  these  conditions 
tile  isomeric  mcihyl-(p-nitrophenyl)- 2-p)Toncs  formed  (dinitro  compounds  were  not  detected  in  the  reaction 
products)  behave  differently:  6-mcthyl-5-(p-nitroplienyl)-2-p\Tone  (III)  vns  stable  in  the  presence  of  such  a 
nitrating  mixture,  even  if  the  reaction  was  carried  out  at  a  higher  temperature  (up  to  14“),  while  the  5-methyl- 
6-(p-nitTophenyl)-2-p)Tone  formed  by  nitration  of  the  isomeric  pyronc  (IV)  was  much  less  stable  under  these  con¬ 
ditions  and  was  oxidized  immediately  to  p-nitrobenzoic  acid. 

An  attempt  to  use  nitrop>Tones  in  diene  svTithesis  demonstrated  their  inertness  in  this  reaction.  Thus,  in 
contrast  to  5,6-cyclohcxano-2-pyrone  itself  [3,4]  and  also  the  corresponding  3-bromo-2-pyrone  [6],  3-nitro-5,6- 
cyclohexano-2-pyrone  (I)  did  not  react  with  maleic  anhydride,  i.e.,  the  nitro  group  deactivated  the  diene  system 
of  the  2-pyrone,  as  occurs  with  a-nitrofuran  [7]. 

EXPERIMENTAL 

Nitration  of  5.6-cyclohexano-  and  5,6-dimethyl-2-pyrone.  With  vigorous  stirring,  70% nitric  acid  (d  1.42) 
was  slowly  added  dropwisc  to  a  solution  of  the  2-p)Tone  in  cold  concentrated  sulfuric  acid*  with  the  temperature 
maintained  within  the  required  range.  The  reaction  mixture  was  then  stirred  for  2  hr  at  0-3*  and  poured  onto  ice. 
The  crystalline  substance  liberated  was  washed  carefully  with  ice  water,  dried  in  a  vacuum  desiccator,  and  washed 
with  absolute  ether. 

3- Nitro-  5.6-cycIohexano-2-p)Tone  (I).  The  reaction  temperature  was  from  ~3  to  -5*.  From  5  g  of  5,6- 
cyclohexano- 2- pyronc  in  15  ml  of  concentrated  sulfuric  acid  and  4.7  g  of  nitric  acid  we  obtained  3.25  g  (507«>) 
of  nitropyrone  with  m.p.  86-87®  (from  anhydrous  alcohol). 

Found  C  55.71,  55.62;  H  4.64,  4.60.  C9H9O4N.  Calculated  %  C  55.39;  If  4.65. 

3-Nitro-5.6-dimethyl-2  pyronc  (II).  The  reaction  was  carried  out  at  1-3*.  From  1,9  g  of  5,6-dimethyl- 
2-pyronc  in  5.5  ml  of  concentrated  sulfuric  acid  and  2  g  of  nitric  acid  we  obtained  0.96  g  (377o)  of  nitropyrone 
with  m.p.  96-97°  (from  a  mixture  of  ligroin  and  benzene). 

Found  %  C  50.03,  50.11;  H  4.32,  4.37.  C7H7O4N.  Calculated  C  49.72;  H  4.17. 

Nitration  of  isomeric  methylphcnyl-2-p)Tones.  The  methylphcnylpyroncs  were  treated  with  70fo  nitric 
acid  in  the  presence  of  concentrated  sulfuric  acid  by  the  procedure  described  above. 

6- Methyl-  5-(p-nitrophcnyl)-2-pyrone.  The  reaction  temperature  was  from  -5  to  “3*.  From  0.5  g  of 
6-methyl-5-phenyl-2-p)Tonc  in  2  ml  of  concentrated  sulfuric  acid  and  0.6  g  of  nitric  acid  we  obtained  0.52  g 
(BdT'o)  of  nitropyrone  with  m.p.  152-153°  (from  alcohol). 

Found  %  C  62.36,  62.29;  H  4.33,  4.01.  C12H9O4N.  Calculated  %  C  62.33;  H  3.92. 

5-Methyl- 6- (p-nitrophenyl)- 2- p)Tone.  The  reaction  was  carried  out  at  the  same  temperature;  from  1.16  g 
of  5- methyl- 6 -phenyl- 2- pyronc  in  4  ml  of  sulfuric  acid  and  1.2  g  of  nitric  acid  we  obtained  1.14  g  (79*70)  of  nitro- 
P)Tone  with  m.p.  188-189*  (from  .alcohol). 

Found  *7-:  C  62.38,  62.57;  H  4.25,  4.24.  C12H9O4N.  Calculated  ‘7<t  C  62.33;  H  3.92. 

•The  temperature  of  the  mixture  was  kept  below  10*  when  the  2-pyrone  was  mixed  with  sulfuric  acid  as  other¬ 
wise  the  nitropyTone  yield  was  considerably  reduced. 


The  two  isomeric  methyl- p-nitrophenyl*  2- pyroncs  were  oxidized  under  identical  conditions  with  potassium 
permanganate  solution  for  4  hr.  The  p-nitrobcnzoic  acid  obtained  (96- 9870 yield)  melted  at  237-238*  (from 
alcohol);  a  mixed  melting  point  with  authentic  p-nitrobenzoic  acid  was  not  depressed.  Literature  data  [8]:  m.p.  238* 

Action  of  fuming  nitric  acid  on  methylphenylp>Tones.  To  a  solution  of  0.5  g  of  methylphenylpyrone  in  2  ml 
of  cold  concentrated  sulfuric  acid  was  added  0.6  g  of  fuming  nitric  acid  at  3-5*.  The  reaction  mixture  was  then 
stirred  for  2  hr  at  5-10*  and  poured  onto  ice.  The  crystalline  substance  obtained  was  carefully  washed  with  ice 
water,  dried  in  a  vacuum  desiccator,  and  washed  with  absolute  ether.  From  0.5  g  of  6-methyl-5-phenyl-2-pyrone 
we  obtained  0.5  g  (807o)*  of  6-mcthyl-(5-p-nitrophcnyl)-2-pyrone  with  m.p.  152-153*. 

The  action  of  fuming  nitric  acid  under  the  same  conditions  on  5-methyl-6-phenyl-2-p)Tone  (and  even  when 
the  reaction  temperature  was  reduced  to  l-3“)  yielded  p-nitrobenzoic  acid  (757’)  with  m.p.  237-238*  (from  alcohol). 
A  mixed  melting  point  with  authentic  p-nitrobenzoic  acid  was  not  depressed. 

Found  7i  C  50.41,  50.34;  H  3.28,  3.20.  C7H5O4N.  Calculated  %  C  50.29;  H  3.014. 

Reaction  of  3-nitro-5.6-cyclohexano-2-pyrone  with  maleic  anhydride.  When  a  mixture  of  equimolecular 
amounts  of  nitropyrone  and  maleic  anhydride  in  absolute  ether  was  heated  for  4  hr  and  the  reaction  mixture  sub¬ 
sequently  treated  in  the  usual  way,  we  isolated  the  starting  nitro  compound  with  m.p,  84-85*.  When  the  reaction 
temperature  was  raised  (boiling  in  o- xylene),  there  was  strong  resinification  of  the  nitropyrone, 

SUMM  ARY 

1.  Nitration  of  5,6-dimethyl-2-pyrone  and  5.6-cyclohexano-2-p)Tono  (with  7070 nitric  acid  in  the  presence 
of  sulfuric  acid)  yielded  their  3- nitro  derivatives  in  37- 507o  yield. 

2.  It  was  shown  that  in  the  nitration  of  6- methyl- 5- phenyl-  and  5-methyl-6-phenyl-2-pyrones  with  the 
same  nitrating  mixture,  the  nitro  group  enters  the  para  position  of  the  benzene  ring;  the  pyrone  ring  is  not  touched. 

3.  In  contrast  to  2-pyrones  themselves  and  bromo- 2- pyroncs,  3-nitro-2-pyTones  do  not  react  with  maleic 
anhydride. 
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The  nitro  compound  was  also  obtained  when  the  reaction  temperature  was  raised  to  14°,  but  its  yield  was  reduced 
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The  field  of  study  of  diacetylene  reactions  has  recently  been  extended  considerably  by  one  of  us  together 
with  co-workers.  In  addition  to  other  derivatives  of  diacetylene,  the  reactions  of  the  latter  with  thiols  and  thio- 
phenols  have  been  studied  systematically  [i-3J.  The  present  investigation  is  a  further  development  of  the  chem¬ 
istry  of  diacctylenc  and,  in  particular,  the  reaction  of  ethynylvinyl  alkyl  thioethers  with  phosphorus  pentachloride 
has  been  studied.  The  literature  contains  no  information  on  this  problem  and  there  is  only  a  remote  analog  of  this 
reaction,  which  was  carried  out  with  thiovinyl  ethers  [4]  and  phosphorus  pentachloride.  The  authors  presented  the 
following  scheme  foe  this  reaction; 


uscu=(:n,  + 2rf;ir.  — >  nsciici— r.iiorcit  •  pcig 

HSCilCl-CllaPCl,  .  rcir,  4-2800  — >  RSCH^CHPOClz -t 
-(  21101  -I-  2SOCl!,4-  POCI3. 

As  regards  the  reaction  of  ethynylvinyl  thioethers  with  phosphorus  pentachloride,  the  course  of  this  reaction 
may  evidently  be  represented  by  the  following  scheme; 

Rscii  1- 2PCI5  —  iHsciia-cnpci4-c=cn  •  PCI5I 

— >  [HSCn^CPCU-CCU-Cllo  .  PCl5J  -h2S02  — ♦ 

— >  2SOC1.,  -1-  POCI3  4-  RSCn=CPOCl2-CCl=:CH2 

The  intermediate  complex,  which  was  considered  to  have  the  composition  RSCH  =  CPCl4~CCl  =  CH2  • 
PCI5,  decomposed  rapidly  under  the  action  of  atmospheric  moisture  and  tlierefore  attempts  to  isolate  and  study 
it  were  unsuccessful. 

The  main  elementary  acts  of  the  reaction  studied  are  the  addition  of  chlorine  and  the  PCI4  group  to  the 
double  bond  of  the  corresponding  eth)Tiylvinyl  thio  compounds  according  to  the  scheme: 


-(:=C-G=C- 


Cl,  PCI, 


_C-C-C=C- 

I  I 

Cl  PCl^ 


The  next  elementary  act  of  this  reaction  is  intramolecular  elimination  and  addition  of  hydrogen  chlwide 
at  the  triple  carbon" carbon  bond. 


PCI4 

I  I 

-G— C-C=C— 

I  I 

Cl  H 


-C=G— C  =(i- 

I  I 

PGI4  Cl 
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TABLE  1 

RSCH  =  CPOCI2  -CCl  =  CHj 


RSCH=CP0Cl2-CCI=CHa 


R 

Boiling  point  (pressure  in  mm) 

d.” 

CIl, 

»i7-07.5°(0.02) 

1.4950 

Cslir. 

77-77.5 

1.4156 

C3H7 

83-8'f  (0.02)  ' 

1..3634 

81-82  (0.002) 

1.3222 

TABLE  2 


Substance 

Position  of 
absorption 
(jand  ofC  =C 
(v,cm'^) 

iSplitting  of 

C  =  C  band 

(Ay ,  cm"^) 

cii,s(:n--^crocio-cci=cno 

CjH  r.SC  1 1  =f:f ’OCio  -CC1=C.  I  I'z 

r3ii7.sr:ii=cr()ci2-cci-=cM2 

C4noScii=cpoci2-cci=cii2 

1.593,  1542 

1  1510 

1 55 1 

1572 

51 

Not  split 

Not  split 

Not  split 

On  the  basis  of  the  chemical  behavior  of  a-chloro  ethers,  which  we  studied  in  detail  [5],  we  find  that  the 
elimination  of  hydrogen  chloride  in  such  molecules  is  actually  inevitable.  At  the  same  time,  we  did  not  observe 
the  liberation  of  hydrogen  chloride  during  corresponding  investigations  of  our  compounds  as  the  latter  adds  at  the 
triple  bond,  probably  according  to  Markovnikov's  Rule.  Thus,  during  the  investigation  of  the  reaction  of  the  com¬ 
pound  mentioned  above  with  phosphorus  pentachloride,  we  developed  a  method  of  synthesizing  l-alkylthio-2-oxy- 
chlorophosphino- 3- chloro- 1,3- butadienes  [6].  Some  of  the  constants  of  the  compounds  synthesized  are  given  in 
Table  1. 

The  compounds  obtained  were  substances  which  readily  became  yellow  in  air,  but  could  be  stored  unchanged 
in  the  cold  in  sealed  ampoules  that  had  first  been  flushed  with  nitrogen.  They  were  all  heavy,  oily  liquids  with  a 
sharp  smell  and  dissolved  readily  in  organic  solvents. 

In  view  of  the  novelty  and  complexity  of  the  composition  of  the  molecules  of  these  compounds,  we  carried 
out  additional  experiments  to  establish  their  structure.  In  particular,  we  were  interested  in  the  possibility  of  add¬ 
ing  phosphorus  pentachloride  to  the  triple  bond  of  the  starting  molecules.  However,  control  experiments  with 
diacetylene  did  not  confirm  our  hypothesis.  We  then  studied  the  structure  of  the  compounds  obtained  by  infrared 
spectroscopy.  The  spectroscopic  data  demonstrated  the  butadiene  structure  [7].  The  characteristic  frequencies  in 
the  infrared  absorption  spectrum  arc  given  in  Table  2. 

The  infrared  spectrum  contained  an  intense  absorption  band  in  the  region  of  1600  cm*^.  The  representative 
with  a  methyl  radical  showed  splitting  of  the  double  carbon  bond  frequency  into  components.  The  splitting  was 
equal  to  51  cm  It  was  most  probable  that  the  splitting  of  the  band  into  components  was  due  to  the  presence  of 
rotation  forms  with  cis  and  trans  configurations  [8].  The  absence  of  splitting  of  the  frequency  with  the  other  re¬ 
presentatives  was  probably  due  to  steric  hindrance  produced  by  the  considerable  size  of  the  alkyl  radical.* 

EXPERIMENTAL 

Industrial  phosphorus  pentachloride  and  sulfur  dioxide  were  used  for  the  synthesis.  The  1-alkylthiobut-l- 
en-3-ynes  were  obtained  from  the  conesponding  thiols  and  diacetylene  [2].  The  infrared  spectra  of  all  the 


•The  spectroscopic  investigation  was  carried  out  by  our  co-worker  in  the  optical  laboratory  of  the  Institute  of 
Organic  Chemistry.  Academy  of  Sciences,  USSR,  B.  V.  Lopatin. 
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compounds  were  studied.  Tlie  spectra  were  plotted  in  the  region  2500-1250  cm'^  on  an  IKS- 11  single-beam 
infrared  spectrometer  with  a  rock  salt  (NaCl)  prism.  The  spectrum  was  recorded  automatically  on  a  chart  (with 
a  EPr-09  electronic  potentiometer).  The  slit  width  of  the  spectrometer  equalled  approximately  20  cm'^  over  the 
wliolc  measurement  region  (19.6  cm  ^  for  the  region  of  2000  cm'^  and  IS.l  cm'^  for  the  region  of  1500  cin'^). 

The  spectra  of  all  tile  substances  were  plotted  with  the  same  sylvite  cell  of  constant  tliickncss  and  the  thickness 
of  the  liquid  layer  equalled  0.05  +  0.001  mm.  The  accuracy  of  measurement  of  the  position  of  the  absorption 
bands  in  the  spectrum  (frequencies)  equalled  ±10  ciiT^  for  the  region  2500  cm  ^  and  approximately  ±5  em'^for 
the  region  of  1250  cm'^.  The  accuracy  of  the  measurement  of  the  transmission  (T)  of  the  sample  equalled  about 
lO'yoat  a  value  (T)  of  10  to  75%. 

1- Me thylthio- 2- oxychlorophosphino- 3- chloro- 1.3- butadiene.  Into  a  flask  with  a  stirrer,  dropping  funnel, 
thermometer,  and  reflux  condenser  witli  a  calcium  chloride  tube  were  placed  43  g  of  finely  ground  phosphorus 
pcntachloridc  and  200  ml  of  absolute  ether.  The  mixture  was  stirred  and  cooled  to  below  ~10*  and  10.4  g  of 
l-mothylthiobut-l-en-3-yaie  (b.p.  54'  at  15  mm.  n^*^D  1.5578,  d^®4  0.9763),  was  added  from  the  dropping  funnel 
over  a  period  of  30-40  min.  Stirring  was  continued  for  a  further  3  hr  at  tlie  same  temperature.  Sulfiu  dioxide 
was  then  passed  in  until  the  complex  formed  dissolved  completely  with  the  temperature  kept  below  ~10*.  The 
ether  solution  was  filtered  through  a  fluted  paper  filter  and  the  bulk  of  the  ether  removed  in  a  water- pump  vacuum. 
The  residue  was  transferred  to  a  flask  for  high- vacuum  distillation  and  the  volatile  components  removed  in  vacuum 
(2-3  mm)  at  a  bath  temperature  of  50-60*.  The  thick,  dark -brown  mass  was  then  distilled  at  67- 67.5*  (0.02  mm). 
The  yield  was  20  g  (80%). 

Found  %  C  24.02; H  2.35;  Cl  42.22*.  P  12.27;  S  12.75.  CgllgOPSCls.  Calculated  %:  C  23.86;  H  2.41; 

Cl  42.31;  P  12.34;  S  12.73. 

l-Ethylthio-2-oxychlorophosphino- 3- chloro- 1,3- butadiene.  From  11  g  of  l-ethylthiobut-l-cn-3-yne 
(b.p.  63-64*  at  14  mm,  n"^D  1.5449,  d"  4  0.9581)  and  40.9  g  of  phosphorus  pentachloride  we  obtained  15  g  (58%) 
of  substance. 

Found  %  C  27. 1C;  H  2.96;  Cl  4C.26;  P  11.70;  S  12.03.  CgHgOPSClg.  Calculated  %  C  27.11;  H  3.00; 

Cl  40.11;  P  11.77;  S  12.00. 

1- Propylthio- 2- oxvclilorophosphino- 3- chloro- 1,3- butadiene.  From  11.5  g  of  l-propylthiobut-l-cn-3-ync 
(b.p.  66-68'  at  6  mm,  n'^'^D  1.5340,  d"  4  0.9383)  and  38  g  of  phosphorus  pentachloride,  we  obtained  15.5  g  (62%) 
of  substance. 

Found  %  C  30.16;  H  3.67;  Cl  37.79;  P  11.09;  S  11.23.  CtHioOPSCIj.  Calculated  %  C  30.05;  H  3.59; 

Cl  38.10;  P  11.08;  S  11.46. 

1- But ylthio- 2- oxychlorophosphino- 3- chloro- 1,3- butadiene.  From  10  g  of  l-butylthiobut-l-en-3-yne 
(b.p.  73-75*  at  3  mm,  n^'^  1.5240,  d^^4  0.9130)  and  29.7  g  of  phosphorus  pentachloride  we  obtained  16  g  (76%) 
of  substance. 

Found  %  c  32.98;  H  4.12;  Cl  35.97;  P  10. 78-;  S  11.01.  CgHisOPSClg.  Calculated  %:  C  32.70;  H  4.12; 

Cl  36.23;  P  10.56;  S  10.90. 


SUMMARY 

1.  For  the  first  time  a  method  was  developed  for  the  synthesis  of  1- alkylthio- 2- oxychlorophosphino- 3- 
chloro- 1,3- butadienes  in  up  to  80%  yield  and  tliis  corisisted  of  the  reaction  of  cthynylvinyl  alkyl  thioethers  with 
phosphorus  pentachloride  in  absolute  ether  at  below  “10*. 

2.  The  presence  of  a  butadiene  system  in  the  carbon  chain  of  the  molecules  of  the  compounds  synthesized 
was  demonstrated  by  infrared  spectroscopy. 


LITERATURE  CITED 

1.  M.  F.  Shostakovskii,  A.  V.  Bogdanova,  and  G.  I.  Plotniltov."'.,  Doldady  Akad,  Nauk  SSSR  124,  107  (1959). 

2.  I,  I.  Guseinov,  E.  N,  Prilezhaeva,  and  M.  F.  Shostakovskii,  Zhur.  Obshchei  Khim.  3223  (1959). 

3.  E.  N.  Prilezhaeva,  I.  I.  Guseinov,  B.  V.  Lopatin,  and  M  F.  Shostakovskii,  Zhur,  Obshchei  Khim.  3227 
(1959). 


2813 


4.  K.  N.  Anisimov.  N.  E.  Kolobova,  and  A.  N.  Nesmeyanov,  Izvestiya  Akad.  Nauk  SSSR  (1956). 

5.  M.  F.  Shostakovskii  and  A.  V.  Bogdanova.  Zhur.  Obshchei  Khim.  IJ,  565  (1947). 

6.  M.F.  Shostakovskii  and  I.  I,  Guseinov,  Author’s  Cert.  No.  617750,  23  (1959). 

7.  G.  J.  Szatz  and  A.  N.  Sheepard,  Trans.  Farad.  Soc.  358  (1953). 

8.  P.  P.  Shorygin,  T.  N.  Shkurina.  M  F.  Shostakovskii.  E.  P.  Gracheva,  and  G.  K.  Krasil’nikova,  Izvestiya 
Akad.  Nauk  SSSR,  Otdel.  Khim.  Nauk  (1960)  (in  press). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


2814 


SYNTHESIS  OF 


1-  ALKOXY-  2-OXYCIILOROPHOSPHINO  -  3-CHLORO  -  1,3-BUTADIENES 

M.  F.  Shostakovskii,  I.  I.  Guseinov,  L.  I.  Shmonina, 

G.  S.  Vasil'ev,  and  B.  V.  Lopatin 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  of  the  USSR 
Translated  from  Zhumal  Obshchei  Khimii,  Vol.  30.  No.  9,  pp.  2836-2838, 
September,  1960 

Original  article  submitted  August  15.  1959 


The  chemistry  of  diacetylene  has  recently  been  developed  quite  successfully  [1].  The  present  investigation 
was  devoted  to  ilie  reaction  of  eih^nylvinyl  alkyl  ethers  with  phosphorus  pentachloride.  There  is  no  information 
in  the  literature  on  this  reaction.  The  work  of  A.  N.  Nesmeyanov  et  al.  [2]  provides  a  remote  analogy  for  the 
present  investigation.  According  to  our  hypothesis,  the  reaction  of  ethynylvinyl  alkyl  ethers  with  phosphorus 
pentachloride  may  be  represented  by  the  following  scheme: 

U()(:ii=(',ii-(:^cii  — >  [Rociici— cup(:i4— c~cii -pcir,]  — > 

— »  r.ci=(:Uo .  PCI5I -f 

-  2So.>  -->  unr.ii=:r,i»or.i2— r,ci=-x,ii2-i-2SOCi2-f  POCia 

A  similar  reaction  giving  1-alkylthio- 2- oxychlorophosphino- 3- chloro- 1,3- butadienes  was  examined  pre¬ 
viously  [3].  In  the  irivestigation  of  the  reaction  of  ethynylvinyl  alkyl  ethers  with  phosphorus  pentachloride  we 
developed  a  method  of  synthesizing  1-alkoxy- 2- oxychlorophosphino- 3- chloro- 1,3- butadienes  [4].  Some  constants 
of  the  compounds  synthesized  are  given  in  Table  1. 


TABLE  1 

ROCH  =CPOCl2-CCl  =CH2 


1* 

Boiling  point  ! 

(pressure  in  mm)  i 

d.“ 

1 

/(S-'iS.-)®  ((W2)  1 

1..582t') 

l.-'i562 

C.llr. 

;  1.3682 

(0.012)  i 

1 .5635 

1.3152 

G4U9 

82-82.5  (0.02ri 

1.5620 

1.3078 

The  compounds  obtained  were  sharp- smelling  liquids,  which  readily  turned  yellow  in  air.  dissolved  in 
organic  solvents,  and  cculd  be  stored  m  the  cold  in  sealed  ampoules  which  had  first  been  flushed  with  nitrogen. 

We  carried  out  additional  experhnents  to  establish  the  structure  of  the  compounds  synthesized.  In  particular, 
the  structure  of  the  carbon  chain  of  these  substances  w'as  studied  by  intrared  spectroscopy.  The  butadiene  structure 
was  established  by  spectroscopic  data  [5].  The  characteristic  frequencies  in  the  infrared  absorption  spectrum  are 
given  in  Table  2. 
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TABLE  2 


Substance 

Position  of 
absorption 
band  of 

C  =  C  bond 
(v .  cm*!) 

Splitting  of 
C  =  C  band 
(Ay.cm'i) 

CUiOCII=CPOClo-CCI=CIl2 

164i.  15.58 

86 

C2ii50Cii=CP0(;i2-C(:i=ciio 

1642.  1560 

83 

C3ii70f:ii=:Ci*0(:i,-Cf;i=cii2 

1640,  1560 

80 

C4HBOCn=CFOCi2-CCl=Cf!2 

1642,  1562 

80 

The  infrared  spectrum  had  an  intense  absorption  band  in  the  region  of  1600  cm‘^.  Splitting  of  the  double 
carbon  bond  frequency  into  components  was  observed.  The  splitting  was  considerable  and  equalled  ~  80  cm*^. 
There  are  a  whole  series  of  possible  explanations  of  the  splitting  of  the  absorption  band  of  the  double  carbon  bond 
for  the  given  compounds,  but  it  is  most  probably  due  to  the  presence  of  rotation  forms  with  cis  and  trans  configura¬ 
tions  [6].  This  hypothesis  is  supported  by  the  fact  that,  firstly,  the  components  of  splitting  had  very  different 
intensities,  secondly,  the  degree  of  splitting  depended  on  the  alkyl  substituent  and,  thirdly,  it  was  established 
that  the  displacement  occurred  in  only  one  direction. 

EXPERIMENTAL 

Industrial  phosphorus  pentachloride  and  sulfur  dioxide  were  used  for  the  synthesis.  Ethynylvinyl  methyl  ether 
was  obtained  from  methanol  and  1.4-dichlorobutyne  [7]  and  we  prepared  the  other  ethynylvinyl  alkyl  ethers  from 
the  corresponding  alcohols  and  dichlorobutyne  by  the  same  procedure  [8].  The  infrared  spectra  of  all  the  1-alkoxy- 
2- oxychlorophosphino- 3- chloro- 1,3- butadienes  were  studied  [3]. 

l-Methoxy-2-oxychlorophosphino-3-chloro- 1,3-butadiene.  Into  a  flask  with  a  stirrer,  dropping  funnel, 
thermometer,  and  reflux  condenser  with  a  calcium  chloride  tube,  were  placed  83  g  of  finely  ground  phosphorus 
pentachloride  and  420  ml  of  absolute  ether.  An  ether  solution  of  16.5  g  of  ethymylvinyl  methyl  ether  (b.p.  50-51’ 
at  50-51  mm)  was  added  from  the  dropping  funnel  over  a  period  of  30-40  min  with  stirring  and  cooling  to  “15  to 
“18*.  Stirring  was  continued  a  further  3  hr  at  the  same  temperature  and  then  dry  sulfur  dioxide  was  passed  into 
the  reaction  mixture  until  the  complex  formed  decomposed,  the  temperature  kept  at  “10  to  “12’.  The  ether  solu¬ 
tion  was  filtered  and  the  bulk  of  the  ether  removed  in  vacuum.  The  residue  was  transferred  to  a  flask  for  high- 
vacuum  distillation  and  distilled  at  48-48.5’  (0.002  mm).  The  yield  was  14  g  (31%). 

Found  %:  C  25.82;  H  2.69;  P  13.09;  Cl  44.63.  C5H6O2PCI3.  Calculated  %  C  25,50;  H  2.57;  P  13.16; 

Cl  45.17. 

1-Ethoxy- 2- oxychlorophosphino- 3-chloro- 1,3- butadiene  was  obtained  from  13  g  of  ethynylvinyl  ethyl  ether 
(b.p.  42*  at  15  mm  and  n^'^D  1.4759)  and  66  g  of  phosphorus  pentachloride.  The  yield  was  13  g  (43%). 

Found  %  C  28.65;  H  3.23;  P  12.54;  Cl  43.00.  CsHgOjPClg.  Calculated  %  C  28.89;  H  3.23;  P  12.42; 

Cl  42.65. 

1-  Propoxy- 2-oxychlorophosphino- 3-chloro- 1,3- butadiene  was  obtained  from  14  g  of  ethynylvinyl  propyl 
ether  (b.p.  50.2’  at  14  mm  and  n'^D  1.4720)  and  54  g  of  phosphorus  pentachloride.  The  yield  was  16.8  g  (46%). 

Found  %:  C  32.01;  H  4.00;  P  11.74;  Cl  40.32.  CtHioOjPCIs.  Calculated  %  C  31.90;  H  3.82;  P  11.75; 

Cl  40,36. 

1-Butoxy- 2- oxychlorophosphino- 3- chloro- 1,3- butadiene  was  obtained  from  8.5  g  of  ethynylvinyl  butyl  ether 
(b.p,  64-66"  at  12  mm  and  n^^D  1.4640)  and  29  g  of  phosphorus  pentachloride.  The  yield  was  11  g  (55%). 

Found  %:  C  34.56;  H  4.28;  P  11.29;  Cl  38.25.  CgHizOzPCla.  Calculated  %  C  34.59;  H  4.36;  P  11.20; 

Cl  38.32. 


SUMMARY 

1.  A  method  was  developed  for  the  first  time  for  the  synthesis  of  1-alkoxy- 2- oxychlorophosphino- 3- chloro- 
1,3- butadienes;  four  of  these  compounds  were  prepared  and  some  of  their  physicochemical  constants  determined. 
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2.  They  were  shown  ro  contain  a  butadiene  system  in  the  carbon  chain  by  infrared  spectroscopy. 
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The  Wurtz  reaction 

UX  -l-2Mc  — ►  IlMo  1  \lo\  (1) 

UMo  (  HX  —  n-H-l-.MrX,  (2) 

vthich  gives  excellent  yields  of  hydrocarbons  from  prim.iry  halides  with  little  branching,  is  known  to  lose  its  value 
as  a  preparative  method  when  applied  to  secondary  and  especially  tertiary  alkyl  halides.  There  is  then  a  sharp 
increase  in  the  side  reactions,  which  includes  cleavage  of  the  solvent,  ether,  by  the  organoalkali  metal  compounds 
formed.  The  use  of  low  temperatures  facilitates  the  formation  of  RMe  (1)  and  helps  to  eliminate  side  reactions, 
but  simultaneously  retards  very  considerably  the  reaction  of  the  organomctallic  compound  prepared  with  the  second 
component  of  the  Wurtz  reaction  (2).  As  a  result,  the  yield  of  the  branched  hydrocarbon  synthesized  R-R  is  generally 
low. 


Oi^e  method  of  overcoming  these  difficulties  is  the  replacement  of  diethyl  ether,  in  which  the  Wurtz  reaction 
is  usually  carried  otit.  by  other  solvents  [1-3].  Teirahydrofuran  and  also  some  acetals  are  of  great  interest  from  this 
point  of  view.  There  is  a  report  [4]  on  an  interesting  improvement  of  the  Wurtz  reaction.  Secondary  and  tertiary 
benzyl  halides  were  condensed  by  means  of  sodium  or  lithium  in  the  presence  of  catalytic  amounts  of  tetraphenyl- 
ethylenc. 

In  the  present  work  we  studied  the  condensation  of  secondary  and  tertiary  benzyl  halides  by  means  of  lithium 
in  teirahydrofuran  and  methylal*  without  any  additives. 

The  condensation  of  secondary  chlorides  proceeded  according  to  the  equation 


2(:„H5— Ciir.l -f  2Li  CcM^-r.ll-r.M— C6n.-,  +  2LiGl 


Hi 


Hi  Hi 


As  the  experimental  results  (Table  1)  show,  the  use  of  methylal  and  teirahydrofuran  in  the  actual  case  of 
the  Wurtz  reaction  studied  made  it  possible  to  obtain  Ci6'C22  symmetrical  diphenylalkanes  in  satisfactory  yields. 
With  an  increase  in  the  branching  of  the  radical  Rj,  there  was  an  increase  in  the  amount  of  organolithium  compound 
in  the  reaction  mixture.  It  is  probable  that  steric  hindrance  of  the  isopropyl  and  especially  tert-butyl  radical  pre¬ 
vented  rapid  reaction  of  RLi  with  the  chloride,  in  contrast  to  the  reactions  in  Expts.  1-3. 


•It  was  first  established  that  the  secondary  chlorides  used,  apart  from  a-chlorocthylbeuzene,  did  not  react  with 
lithium  to  any  appreciable  extent  in  diethyl  ether. 
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TABLE  1 


Expt. 

No. 

i 

Radical  Rj 

Medium 

Reaction 

tempera¬ 

ture 

Content 
of  free 
RLi* 

Yield  of  mes 
diphcnyl- 
alkane  *  • 

1 

GMt 

Ether  1 

.34° 

1.8 

57 

2 

G2H5 

Methylal 

.35-40 

1.0 

50 

3 

G;,ll7 

Methylal 

.3.5-40 

1.2 

35 

4  1 

iSO-CTll7 

Te  trail  ydrofuran 

35-40 

9.5 

47 

5 

tert-(;4iij, 

Tetrahydrofuran 

.35-40 

37.0 

21 

•Determii.ed  by  acid  titration  after  the  addition  of  chloride. 

*  'Up  to  5% of  liquid  D.L'diphenylalkane  was  also  obtained  in  all 
experiments. 


Condensation  of  2-chloro-2-phenylbutane.  As  was  mentioned  above,  chlorides  of  this  type  were  also  used 
successfully  [4]  in  the  Wurtz  condensation  with  sodium  in  tetrahydrofuran  in  the  presence  of  catalytic  amounts  of 
tetraphcnylcthyiene.  In  our  experiments,  lithium  (cut  into  small  pieces)  was  the  condensing  metal  and  tetrahy- 
drofuran  and  methylal  were  used  for  the  reaction  medium.*  The  2- chloro- 2* phenylbutane  was  not  distilled 
before  the  reaction  as  it  decomposed  during  vacuum  distillation  (1  mm).  The  experimental  data  ate  given  in 
Table  2. 


In  carrying  out  Expts.  1,  2,  and  5,  we  expected  to  obtain  the  conesponding  acid  or  ketone  as  a  result  of 
carbonization  of  l-mcthyl-l-phcnylpropylliihium  [5]. 


CHn 


CHi 


,0 


CH3 


CM 


Cgii.-CLi-i-COi  Csllo-C-C^^  or  (and)Ccn3-C - C-G-CflHs 

CHa  U  GII2 


GII2 

I 

GII3 


I 

CH2 


GHi 


Clh 


CH, 


However,  determination  of  the  molecular  weight,  elementary  analysis,  determination  of  the  hydroxyl  group 
content,  and  investigation  of  the  oxidation  products  of  the  substance  obtained  in  Expt,  1,  compelled  us  to  assign 
to  it  the  structure  of  a  primary  alcohol,  namely,  5-mcthyl*5-phenylheptanol,  which  was  formed  by  reaction  of  the 
alkyllithium  tvith  tetrahydrofuran. 


GH, 

I  GH2-GH2. 

GoHs-GLi  -l-  I  >0 

I  GHz-GHa^ 

GMa 
I 

Gil, 


H,0 


GII, 

I 

Cfills-C-GIIa-GIIa— GIIa-GHaOIl 

I 

GH2 

1 

Gila 


The  tertiary  alkyllithium  reacted  in  the  same  way  in  Expts.  3  and  4. 

An  analogous  reaction  between  tert-butylmagnesinm  bromide  and  tetrahydrofuran  at  200*,  which  yields 
a  primary  alcohol,  has  been  described  recently  [6]. 

In  Expts.  2,  5,  and  6  wo  obtained  a  crystalline  product  which  was  found  to  be  meso-3,4-dimethyl-3,4- 
diphenylhcxane,  together  with  a  small  amount  of  the  liquid  D,L- isomer.  Consequently,  the  tertiary  chloride 
2- chloro- 2- phenylbutane  undergoes  a  typical  VVurtz  reaction  with  lithium  in  methylal  (and  in  tetrahydrofuran 
at  low  temperature).  The  results  of  the  experiments  show  that  like  tetrahydrofuran,  methylal  may  be  used  suc¬ 
cessfully  as  the  medium  for  a  Wurtz  reaction  with  secondary  and  tertiary  chlorides,  namely,  homologs  of  benzyl 


•No  orgaaoliihium  compound  was  formed  from  2- chloro- 2- phenylbutane  in  diethyl  ether. 
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Reaction  of  CtoHj^Cl  with  Li _ I  Addition  of  second  reagent 
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ments  1,  3,  and  4  the  lithium  alcoholate  of  5*methyl-5-phenylheptanol  was  also  determined  as  RLi. 

•  •  *a)  A  mixture  of  phenylbutane  and  phenylbutene;  b)  D,L-3,4-dimethyl-3,4-diphenylhexane  (up  to  S'/o  in  each  experiment);  c)  ethyl  bromide; 
d)  methyl  ethyl  ketone;  e)  propyl  bromide. 


1 


TABLE  3 


Expt . 

1 

Chloride 

Boiling  point 
(pressure  in 
mm) 

n*°D 

a  4 

%C1 

Literature  data 

No. 

found 

calc. 

1 

a -Chloroethylbenzene 

64-65*  (7.5) 

1.5292 

1.0747 

25.07 

25.22 

B.p.  69-71  (10  mm), 
n^^D  1.5277  [8] 

2 

u-Chloropropylbcnzene 

84-85  (0) 

1.5220 

1.0380 

22.12 

22.94 

B.p.  90-92*  at 

3 

a  -  Chlorobut  y  Ibenzc  ne 

92-94  (3) 

1.5160 

1.0167 

20.92 

21.05 

20  mm  [9] 

4 

a-Chlnroisobutyl- 

benzene 

80.5-81.5(4) 

1.5170 

1.0210 

20.37 

21.05 

L-form,  b.p.  88-89* 
(15  mm)  [10] 

5 

a-Chloroneopentyl- 

benzene 

90-93  (6) 

1.5165 

1.0195 

16.37 

19.84 

B.p.  89-90*  (6-7  mm) 
n^^D  1.5161  [11] 

6 

2-Chloro- 2- phenyl- 
butane 

*"* 

19.53 

21.05 

■ 

TABLE  4 


Melting 

point 

1 

Found,  % 

Empirical 

formula 

Calculated,  % 

Hydrocarbon 

C 

H 

C 

H 

Mcso-2,3-diphcnylbutanc 

123-124* 

91.48 

8.43 

C  16^18 

91.39 

8.61 

Mcso-3,4-diphenylhexane 

88 

90.96 

9.20 

C18H22 

90.73 

9.27 

Me  so-  4, 5  -  diphe  nylociane 

96 

90.10 

9.79 

C20H26 

90.17 

9.83 

Meso-2,5-dimethyl-3,4-diphonyl- 

hexane* 

151.5 

90.24 

9.90 

C20H26 

90.17 

9.83 

Meso-2,2,5,5-tetrarnothyl-3,4- 
diphenylhcxane  * 

182 

89.74 

10.02 

^22^^28 

89-73 

.10.27 

Meso- 3, 4- dimethyl- 3, 4- di¬ 
phe  nylhexane 

92 

90.20 

9.74 

C20H23 

90.17 

9.83 

*The  hydrocarbons  synthesized  for  the  first  time  are  marked  with  an  asterisk. 

chloride.  In  these  solvents,  60-70‘rJof  the  chloride  is  converted  to  the  organolithium  compound,  which  reacts 
rapidly  either  with  the  solvent  (tetrahydrofuran,  35-40*)  or  with  fresh  portions  of  chloride  (methylal,  tetrahydro- 
fiiran  at  0  to  “30"). 

EXPERIMENTAL 

I.  Reaction  of  Secondary  Chlorides  with  Ether,  Tetrahydrofuran,  and  Methylal* 

1)  Reaction  of  «  chloroethylbenzene  wMih  lithium  in  ether.  Into  a  round- bottomed,  three -necked  flask 
,  were  placed  50  ml  of  absolute  ether  and  1  ml  of  a- chloroethylbenzene.  Lithium  (4.2  g)  in  small  pieces  was  added 

•The  properties  of  the  starting  chlorides  (prepared  by  saturation  of  the  corresponding  alcohols  with  hydrogen  chlo¬ 
ride  at  0*)  are  given  in  Table  3. 
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TABLE  5 


Hydrocarbon 

Boiling  point 

Solidification 

..Mo 

M 

MRd 

(pressure 
in  mm) 

point 

n  D 

B 

found 

calc. • 

3,4-Dicyclohexylhexane  •  • 

171* (11.5) 

-27* 

(glass) 

1.4869 

0.8962 

80.36 

80.92 

4,5-Dicyclohexyloctane 

173  (7.5) 

58 

- 

- 

- 

- 

2, 5- Dimethyl- 3,4-dicyclohexylhexane 

170-171  (7) 

55 

- 

- 

- 

- 

3, 4-Dimethyl- 3,4-dicyclohexylhexane 

2,2,5,5-tetrame  thyl-3,4-dicyclo- 

160  (6) 

-7 

(glass) 

1.5063 

0.9270 

89.33 

89.72 

hexylhexane 

155  (4) 

-6 

(glass) 

1.4970 

0.9020 

99.05 

98.32 

•By  V.  M.  Tatevskii's  method  [14]. 

•  •Obtained  previously  [15];  the  properties  were  not  reported. 

in  a  stream  of  nitrogen.  When  the  reaction  had  begun,  a  further  150  ml  of  ether  was  added  and  with  continuous 
stirring,  an  ether  solution  of  35.2  g  of  a-chloroethylbenzene  was  slowly  added  to  the  mixture  at  such  a  rate  that 
the  ether  boiled  gently.  After  the  chloride  had  been  added,  the  reaction  mixture  was  stirred  for  1  hr  and  then  a 
sample  was  taken  for  determination  of  the  free  RLi  content.  The  reaction  mixture  was  then  poured  (through  a 
sieve)  into  ice  water  and  the  aqueous  and  organic  layers  separated.  The  organic  layer  was  treated  in  the  usual 
way  and  distilled.  The  fraction  with  b.p.  110-130*  at  3  mm  crystallized  rapidly.  Recrystallization  from  alcohol 
yielded  15  g  (57^'’)  of  meso-2,3-diphenylbutane.^  Pressing  out  the  crystals  of  crude  meso-2,3-diphenylbutane 
yielded  a  small  amount  of  liquid  with  n^®D  1.5498,  which  was  evidently  the  D,L-form  of  2,3-diphenylbutane 
(literature  data  [7];  b.p,  140“  at  10  mm  and  n^°D  1.5552. 

2)  Reaction  of  a-chlorcpropylbenzene  with  lithium  in  methylal.  Into  the  reaction  vessel  were  placed 
150  ml  of  carefully  dried  and  distilled  methylal,  3.1  g  of  lithium  in  small  pieces,  and  1.5  ml  of  a-chloropropyl- 
benzene.  The  mixture  was  heated  to  40-42*,  when  the  reaction  began.  Then  with  continuous  stirring,  a  solution 
of  26  g  of  a-chloropropylbenzene  in  50  ml  of  methylal  was  added  at  such  a  rate  that  the  temperature  of  the  reac¬ 
tion  mixture  remained  within  the  range  of  35-40*.  When  the  chloride  had  been  added  and  the  mixture  stirred  for 
a  further  30  min  at  40*  the  reaction  product  was  treated  as  in  the  previous  experiment.  We  obtained  12  g  (50*70) 
of  crystalline  meso-3,4-diphenylhexane.  When  the  crystals  of  the  hydrocarbon  were  pressed  out.  we  collected 
about  1.5  g  of  a  liquid  with  b.p.  140-145*  at  6  mm  and  n^°D  1.5496,  which  v;as  evidently  D.L-3,4-diphenylhexane 
(literature  data:  b.p.  286-300*  [12]). 

Hydrogenation  of  meso-3.4-diphenylhcxanc  in  methylcyclohexane  over  Raney  nickel  at  160-180*  and  an 
initial  hydrogen  pressure  of  130  atm  yielded  3,4-dicyclohexylhexane. 

3)  Reaction  of  a-chlorobutylbcnzene  with  lithium  in  methylal.  For  the  reaction,  which  was  carried  out  as 
described  above  (Expt.  2),  we  used  5.5g  of  lithium,  45.5  g  of  a-chlorobutylbcnzene.  and  300  ml  of  methylal. 

When  the  residue  after  the  distillation  of  the  solvent  was  cooled,  crystals  precipitated  and  these  were  collected. 
Evaporation  of  the  filtrate  yielded  more  of  the  crystalline  product.  From  the  liquid  residue  (3.5  g)  we  isolated 
D,L-4,5-diphenyloctane. 

B.p.  165-168*  at  8  mm.  n^®D  1.5387,  d^\  0.9498.  Literature  data  [13]:  b.p.  160-165*  at  7  mm  and  n^^D  1.5406. 

The  total  amount  of  meso  4,5-diphenyloctane  was  12.6  g  (35*70).  Hydrogenation  of  this  under  the  conditions 
given  above  yielded  4,5-dicyclohexyloctane. 


•The  properties  of  hydrocarbons  synthesized  are  given  in  Tables  4  (diphenylalkanes)  and  5  (dicyclohexylalkanes). 
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•1)  Reaction  of  a-chloroisobmyibci^enc  ts'ith  lithium  in  tetrahvdrofiiran.  For  the  reaction  we  used  6.94  g 
of  lithium,  59  p  of  a-chloroisobutylbcnzcnc,  and  500  ml  of  dry  tctrahydrofuran.  The  reaction  was  carried  out 
under  tltc  conditions  of  Expt.  2.  From  the  reaction  products  we  isolated  22  g  (47*70)  of  meso-2,5-dimethyl-3,4- 
diphenylhexanc. 

We  also  obtained  a  small  amount  (about  2g)of  a  liquid  product  with  n  D  1.5560  which  was  evidently  the 
D,L- isomer.  By  catalytic  hydrogenation  at  160-170“,  the  crystalline  diphenylalkane  was  converted  into  2,5-di¬ 
methyl- 3,4- dicyclohexylhexane. 

5)  Reaction  of  a-chloroncopentylbenzcne  witii  lithium  in  tctrahydrofuran.  The  reaction  between  6.94  g 
of  lithium  and  73.1  g  of  a-chloroneopcniylbenzcne  in  350  ml  of  tctrahydrofuran  was  carried  out  under  the  condi¬ 
tions  of  the  previous  experiments.  Separation  of  the  reaction  products  yielded  12.3  g  (21%)  of  crystalline  meso- 
2,2,5,5-terramctliyl-3,4-diphcnylhexane  and  also  ~2  g  of  the  liquid  D,L-isomer  with  n^°D  1.5587.  The  crystalline 
diphenylalkane  was  hydrogenated  to  2,2,5,5-tctramethyl-3,4-dicyclohexylhexanc  at  150-170"  over  Raney  nickel. 

II.  Reaction  of  2-Chloro-2-phenylbutanc  with  Lithium  in  Tctrahydrofuran  and 
Me  thylal 

Reaction  of  2-chloro-2-phenylhutanc  with  lithium  and  carbon  dioxide,  a)  Reaction  in  tctrahydrofuran 
(35-40°).  Into  a  three-necked  flask  was  placed  50  ml  of  tctrahydrofuran.  and  6.94  g  of  lithium  (as  small  pieces) 
and  2  ml  of  2-chloro-2-phenylbutanc  added  in  a  stream  of  nitrogen.  When  the  reaction  began,  the  mixture  was 
diluted  with  150  ml  of  tctrahydrofuran  and  with  vigorous  stirring  a  solution  of  72.5  g*  of  2-chloro-2-phenylbutane 
in  50  ml  of  tctrahydrofuran  v/as  added  slowly  at  such  a  rate  that  the  temperature  in  the  flask  remained  within  the 
range  35-40*.  After  the  chloride  had  been  added,  the  content  of  free  organolithium  compounds  was  determined. 

The  remaining  lithium  was  removed  by  filtration;  the  filtrate  was  cooled  to  0“  and  50  g  of  solid  carben  dioxide 
was  added  in  portions.  After  the  RLi  content  had  been  determined  again,  the  reaction  mixture  was  poured  into 
ice  water  and  the  organic  part  extracted  with  ether.  The  residue  after  removal  of  the  solvent  was  fractionated 
in  vacuum.  We  isolated  19.5  g  (22%)  of  a  mixture  of  2-phenylbutane  and  2-phenylbutene: 

b.p.  60-70“  at  8  mm  and  n^°D  1.1960  (literature  data:  2-phcnylbutane,  b.p.  173-174“,  n^^D  1.4894;  2- 
phcnyl- 2- butene,  b.p.  186-187“  [16],  60.2-66“  at  4-5  mm,  n^°D  1.5327  (17). 

and  a  liquid  fraction: 

b.p.  150-153*  at  6.5  mm,  1.5228,  d/®  0.9699.  M  207,  MRp  65.17.  C14H22O.  Calculated  (see  below 
for  determination  of  structure):  M  206.52,  MRp)  64.78. 

Properties  ot  the  expected  a-methyl- a-phenylbutyric  acid  (M  178.3,  MRp  51.62):  m.p.  60“;  amide,  m.p.  74* 
[18].  The  other  probable  carbonization  product  of  a-methyl-  a-ethylbcnzyllithium,  namely,  the  ketone  C2iH260 
(see  above)  should  have  M  294.4  and  MRq  91.98. 

W'c  could  not  prepare  an  amide  from  the  substance  we  obtained.  The  substance  was  investigated  and  the  , 
results,  which  are  given  below,  showed  that  the  product  was  an  alcohol  with  the  composition  Ci4H220,  namely, 
5-methyl-5-phenylheptanol  (foiraed  by  the  reaction  of  the  tert-alkyllithium  ■with  tctrahydrofuran). 

Found  %  C  82.03;  H  10.49;  OII**8.09.  Ci.jHzaO.  Calculated  %  C  81.42;  H  10.74;  OH  8.23. 

A  mixture  of  15  g  of  the  alcohol  and  1.5  g  of  anhydrous  CUSO4  was  heated  to  140-160“  for  30  min.  Distilla¬ 
tion  of  the  dehydration  product  yielded  5.7  g  of  substance  (decolorized  bromine  water). 

B.p.  110-114*  at  15.5  mm.  n^^D  1.5061,  d4^°  0.8795.  M  190.0,  MRq  62.96.  C14H20.  Calculated:  M  188.3, 
MRd  62.78. 

A  5  g  sample  of  the  olefin  v’as  oxidized  with  a  2%  aqueous  solution  of  KMnO^  at  0-5*.  Normal  treatment 
of  the  reaction  mixture  yielded  y -methyl- ■y -phenylcaproic  acid  (no  neutral  oxidation  products  were  detected). 

B.p.  150-155“  at  5  mm,  n^®D  1.5187.  M  209.0.*  •  •C13H13O2.  Calculated;  M  206.3. 

•Calculated  on  100% chloride. 

•  ’By  Tserevitinov's  method. 

•  •  “Found  from  neutralization  equivalent  [19]. 
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The  scheme  for  the  formation  of  y -methyl- y -phenylcaproic  acid  is  as  follows: 


CII3  CH3 

I  CH2 — Cn2v.  4H  O  I 

Cell.s-GLi  -h  I  >0  — -U  C6H5-G-CH2-CH2-CH2-CH2OH 

I  GHa-GHj-^  I 

GMj  CH2 

I  I 

GII3  CH3 

GU3 

I  +0 

->  GflHs— G-GH2-GH2-Gn=GH2 

I 

GH2 

I 

GH3 

CH3 

I  /O 

— »  G8Hr,-G-Gn2-f:H2-G<f  +HG00H{G02). 

I  \0H 

GHa 

I 

CH3 


b)  Reaction  in  tetrahydrofuran  (temperature  ~30*) .  The  reaction  between  5.6  g  of  lithium  and  49  g  of 
2-chloro-2-phenylbutane  in  200  ml  of  tetrahydrofuran  was  begun  as  in  Expt.  a.  The  reaction  mixture  was  then 
cooled  to -30*  and  the  reaction  carried  out  at  this  temperature.  After  the  removal  of  a  sample  for  the  determina¬ 
tion  of  the  free  RLi  content.  50  g  of  solid  carbon  dioxide  was  introduced  into  the  reaction  vessel.  The  mixture 
was  stirred  for  a  further  2  hr  at  0*  and  after  the  RLi  had  been  determined  again,  poured  into  ice  water.  In  addition 
to  a  mixture  of  phenylbutane  and  phenylbutene  and  traces  of  5-methyl-5-phenylheptanol,  fractionation  of  the 
reaction  product  yielded  15.5  g  of  a  crystalline  substance  with  a  molecular  weight  of  262.0,  which  was  found  to 
be  meso-3,4-dimethyl-3,4-diphenylhexane  (35% yield).  When  the  crystals  were  pressed  out,  we  collected  about 
1.5  g  of  a  liquid  with  b.p.  160-168*  at  5  mm  and  n^®D  1.5654,  which  was  evidently  the  D,L-isomer  (impure). 
Literature  data  for  D,L-3,4-dimethyl-3,4-diphenylhexane  [20];  b.p.  135-138*  at  0.5  mm  and  m.p.  40-41*.  A 
14  g  sample  of  the  diphenylalkane  obtained  was  hydrogenated  in  methylcyclohexane  over  Raney  nickel  (1.5  g) 
at  180*  and  an  initial  hydrogen  pressure  of  120  atm;  rapid  absorption  of  hydrogen  was  observed.  Distillation  of 
the  hydrogenation  product  yielded  two  main  fractions.  The  first  had  b.p.  71.5*  at  14.5  mm,  n^D  1.4505,  d^4  0.8163 
and  was  2-cyclohexylbutane. 

Found  %  C  85.59;  H  14.57.  CjoHjo.  Calculated  %:  C  85.63;  H  14.37.  Literature  data  for  2-cyclohexyl' 
butane  [21]:  b.p.  179*,  n^D  1.4467,  d“4  0.8131. 

The  second  fraction  had  b.p.  186-188*  at  14.5  mm  and  crystallized  in  the  condenser.  The  substance  was 
unchanged  meso-3,4-dimethyl-3,4-diphenylhcxanc  with  m.p.  91-92*  (from  methylal).  We  also  isolated  about 
1  g  of  a  liquid  with  b.p.  156-186*  at  14.5  mm  and  n^^D  1.5350  which  was  probably  a  mixture  of  unchanged  di¬ 
phenylalkane  and  its  hydrogenation  product. 

Found  %:  C  88.50;  H  11.37.  C20H38.  Calculated  %  C  86.25;  H  13.75.  CjoHje.  Calculated  %  C  90.17; 

H  9.83. 


An  8.3  g  sample  of  meso-3,4-dimcthyl-3,4-diphenylhexane  in  100  ml  of  methylcyclohexane  was  hydro¬ 
genated  in  the  presence  of  5%  platinum  on  charcoal  (~  Ig)  at  120-130*  and  an  initial  hydrogen  pressure  of 
95  atm  for  14  hr.  Fractionation  of  the  hydrogenation  product  yielded  6.7  g  (77%)  of  3, 4- dimethyl- 3, 4- dicyclo¬ 
hex  ylltcxane. 

c)  Reaction  in  methylal  (temperature  35-40*).  The  reaction  between  5  g  of  lithium  and  37  g  of  2-chloro- 
2- phenylbutane  in  250  ml  of  methylal  was  carried  out  as  described  above  (Expt.  a).  After  the  removal  of  an  anal¬ 
ysis  sample,  50  g  of  solid  carbon  dioxide  was  added  to  the  reaction  mixture  treated  in  the  usual  way.  From  the 
reaction  products  we  isolated  11.7  g  (40%)  of  mcso-3,4-dimethyl-3,4-diphcnylhexane  and  1.6  g  of  the  D,L-isomer 
with  n^°D  1.5680. 

The  results  of  experiments  on  the  reaction  of  2- chloro- 2- phenylbutane  with  lithium  and  ethyl  bromide, 
propyl  bromide,  and  methyl  ethyl  ketone  are  given  in  Table  2.  These  reactions  were  carried  out  as  described 
above. 


2824 


SUMMARY 


1.  It  was  shown  that  in  contrast  to  diethyl  ether,  both  tetrahydrofuran  (at  low  temperatures)  and  methylal 
may  be  used  successfully  as  solvents  for  the  condensation  of  secondary  and  tertiary  chlorides,  namely,  homologs 
of  benzyl  chloride,  with  the  aid  of  lithium. 

2.  It  was  established  iliat  the  tcrt-alkyllithium,  a-methyl- a-ethylbenzyllithium,  which  may  be  prepared 
at  room  temperature  in  tetrahydrofuran,  reacts  with  the  latter  to  fomi,  after  hydrolysis,  the  primary  alcohol 

5-  methyl  -  5-  phenylheptanol. 

3.  Several  aromatic  and  naphthenic  hydrocarbons  which  had  not  been  described  in  the  literature  were 
synthesized. 


LITERATURE  CITED 

1.  R.  Meals,  J.  Org.  Ch.  9,  211  (1944);  Yu.  N.  Usov  and  E.  V.  Skvortsova,  Zhur.  Obshchei  Khim.  596  (1957). 

2.  M.  S.  Malinovskii  and  A.  A.  Yavorovskii,  Ukr.  Khim.  Zhur.  723  (1955). 

3.  A.  D.  Petrov,  O.  M.  Nefedov,  and  F.  1.  Grigor’ev,  Zhur.  Obshchei  Khim.  1876  (1957). 

4.  E.  Muller  and  G.  Rbscheisen,  Ber.  %,  543  (1957). 

5.  P.  Bartlett  and  M.  Styles,  J.  Am.  Chem.  Soc.  IT^,  2606  (1955). 

6.  H.  Normant.  Compt.  rend,  1510,  1811  (19.54);  314,  440,  631  (1955). 

7.  E.  Ott,  Ber.  W,  2138  (1928). 

8.  W  .  Gerard  an<l  B.  Shepherd,  J.  Chem.  Soc.  1953,  2069. 

9.  O  Exner,  M.  Borov»J?i,a,  ai:d  M.  Protiva,  Chem.  LLty.  .344  (1952);  C.  A.  4299  (1953). 

10.  P.  Leven.j  and  L.  Mikeska,  J.  Biol.  C.  70,  363  (1926). 

11.  J.  Brewster.  J.  Patterson,  and  P.  Filder,  J.  Am,  Chem.  Soc.  76, 6363(1954), 

12.  S.  F.  Torf  and  N.  V.  Khromov- Borisov,  Zhur.  Obshchei  Khim.  1674  (1954). 

13.  J,  Reesor.  J.  Smith,  and  G,  Wright,  J.  Crg.  Ch.  W,  940  (1954). 

14.  V.  M,  Tatevskii,  Chemical  Structure  of  Hydrocarbons  and  Regularities  in  their  Physicochemical  Properties 
(in  Russian]  (Izd.  MGU,  Moscow,  1953). 

15.  J.  Montahes  del  Olmo,  J.  Cibeixa,  and  Valladares,  Anales  real  soc.  espan.  fis  y  quim.  ^  B,155  (1951); 

C.  A.  45,  7968  (1951). 

16.  A.  Haller  and  P.  Rainart,  Compt.  rend.  1J4,  1212,  1214  (1922). 

17.  O.  Grummit  and  H.  Leaver,  J.  .4m.  Chem.  Soc.  74,  1595  (1952). 

18.  R.  Blondeau.  Compt.  rend.  174,  1425  (1922). 

19.  R.  Shriner  and  R.  Fusou,  Systematic  Qualitative  Analysis  of  Organic  Compounds  [Russian  translation]  (IL, 
1950),  p.  133. 

20.  R.  Huang  and  K.  Lee,  J.  Chem.  Soc.  1954,  2570. 

20.  A.  Forziati  and  F.  Rossini,  T.  Res.  Nat.  Bur,  St.  473  (1943). 


All  abbreviations  of  periodicals  in  the  above  biblioj,raphy  are  letter-by-lettcr  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation,  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


2825 


CHEMISTRY  OF  AMINO  KETONES 

STRUCTURE  OF  8*  AMINO  KETONES  AND  THEIR  CONVERSIONS 
DURING  HYDROGENATION 

E.  M.  Cherkasova 

Moscow  Institute  of  Fine  Chemical  Technology 

Translated  from  Zhumal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  2846-2849, 
September,  i960 

Original  article  submitted  August  28,  1959 


In  a  study  of  the  esters  of  phenylaminocarbinols,  which  we  obtained  from  the  corresponding  amino  ketones, 
our  attention  was  attracted  by  some  characteristics  of  these  amino  ketones,  which  were  the  subject  of  the  present 
investigation.  Amino  ketones  have  recently  acquired  independent  interest  in  connection  with  their  physiological 
activity  [1]  and  some  other  properties  [2].  We  considered  only  four  amino  ketones  (I-IV),  the  difference  in  the 


(I)  C8H5COCH.2Cll2N(CIl3)2 

CH3 

I 

(III)  CeU5r.or,cii2N{cn3)2 

I 

CM3 


(II)  CeM5COClICH2N(Gn3)2 

I 

CH3 


(IV)  C6n5Cocn.2CHN(Cii;,)2, 


Clin 


structure  of  which  determined  not  only  the  difference  m  the  case  of  their  synthesis  by  Mannich’s  method  and  the 
different  thermal  stability,  but,  as  is  particularly  important,  their  different  behavior  during  hydrogenation.  To 
begin  with,  considerable  differences  in  yields  were  observed  in  the  synthesis  of  the  amino  ketones  (I- HI)  by 
Mannich's  method;  while  the  ketone  (I)  was  obtained  in  59^70  yield  and  (II)  in  807o  yield,  (HI)  was  obtained  in 
only  157o  yield.  Moreover,  the  ketones  described  differed  in  thermal  stability.  While  ketones  (I),  (H),  and  (IV) 
underwent  deamination  during  distillation  with  increasing  ease,  ketone  (HI)  was  stable  and  distilled  without  de¬ 
composition.  During  hydrogenation,  amino  ketones  (I),  (H),  and  (IV)  partly  underwent  deamination  in  parallel 
with  conversion  to  amino  alcohols;  ketone  (HI)  did  not  lose  amine  at  all. 


CfiMs 

I 

0=0 

1 

R-C-R' 

I 

Cll-R" 

I 

N(CM3)2 


R  R" 

->  Celh.ClIOIl— (>  CH-N(CIl3)o 

I 

ir 


R 

I 

->  CeMsCOO— CII.,R"  +  NH(CI!3)2 
I 

R' 


n  =  R'  =  R"  =  n  (V): 

H  =  CH,.  K'  =  U"  =  H  (VI): 
U  =  U'  =  CH,,  R”  =  H  (VII); 


R  =.  R'  =  R"  =  H  (VIII): 

R  =  CM,.  K'  =  U"t=  M  (IX); 
R  =  R'  =  II,  R  "  =  CM,  (X). 
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The  catalytic  hydrogenation  of  both  free 
amino  ketones  and  their  hydrochlorides  was  carried 
out  over  a  nickel  catalyst.  The  rhcmical  reduction 
was  carried  out  with  sodium  in  moist  ether.  The 
reaction  products  were  treated  identically  in  all  cases. 
The  results  of  the  experiments  are  given  in  Table  1- 
The  data  show  that  together  with  the  formation  of 
aminocarbinols  (the  valuable  hydrogenation  product), 
there  was  deamination  of  the  amino  ketones.  This 
tendency  increased  from  ketone  (II)  through  (I)  to 
(IV)  both  in  catalytic  and  chemical  reduction.  • 

One  -is  forced  to  the  conclusion  that  a  prerequisite 
of  deamination  is  the  presence  of  a  labile  hydrogen 
in  the  a-position.  When  both  hydrogens  in  the  a- 
positions  are  replaced  by  CII3  groups,  the  ketone  is 
completely  unable  to  lose  amine.  At  the  same  time 
the  presence  of  CII3  group  in  the  8- position  apparent¬ 
ly  increases  the  lability  of  the  a-hydrogen.  Thus, 
the  amino  ketone  (I',')  was  almost  completely  deamin- 
ated,  while  the  ketone  C6ll5COCH2C(CIl3)2N(CH3)2  was 
so  unstable  that  it  was  very  difficult  to  isolate  even  its 
hydrochloride  in  a  pure  state  [4].  The  deamination  is 
evidently  caused  by  migration  of  the  a-hydrogen  to 
the  nitrogen.  The  unsaturated  ketone  formed  is  hydro¬ 
genated  and  converted  to  a  saturated  ketone.  If  this 
reaction  scheme  is  accepted,  then  it  is  necessary  to 
assume  that  deamination  precedes  hydrogenation. 
However,  the  question  naturally  arises  as  to  why  the 
hydrogen  migrates  to  the  nitrogen.  If  this  migration 
is  caused  by  the  molecular  structure  of  the  amino 
ketone  itself,  then  why  does  it  occur  only  during  hy¬ 
drogenation?  This  problem  requires  further  investiga¬ 
tion. 


EXPERIMENTAL  *• 

The  starting  8  amino  ketones  (I- III)  were  ob¬ 
tained  by  Mannich’s  method  from  aceto-,  propio-, 
and  isobut)Tophenones;  S-dimethylamhiobutyrophenone 
(IV)  w'as  obtained  from  phenyl  propenyl  ketone  and 
dimcthylamine.  The  characteristics  of  the  amino 
ketones  and  their  inethylsulfomethylatcs,  which  we 
prepared  for  the  first  time  for  pharmacological  testing, 
”  are  given  in  Table  2.  As  an  example,  a  typical  experi- 

^  ment  on  the  hydrogenation  of  tlie  amino  ketone  (H)  is 

S  described  below. 


g  Hydrogenation  of  a -methyl-8-dimethylamino- 

^-  propiophenone  (11)  hydrochloride.  A  2.28-g  sample 

’We  reported  the  same  conclusion  preliminarily  on 
.2  these  and  other  examples  [3].  Other  authors  [5],  who 
^  hydrogenated  (I)  in  aqueous  solution  over  Pd,  did  not 
*  observe  deamination.  In  a  number  of  cases  some  amino 
ketones  arc  deaminated  smoothly  during  reduction  over 
Ni  under  pressure  [15]. 

•  ‘With  tile  help  of  R.  A.  Mishina. 
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TABLE  2 


Methylsulfomethylates 

Com- 

po\ind 

melting  point 

empirical 

formula 

I 

•/*  N 

No. 

found 

calc. 

1.33-1.34° 
(from  acetone) 

Ci3n2i05Ns 

4.72,  4.44 

4.62 

119.5-120.5 
(from  acetone) 

CMlIzaOsNS 

4.21,  4.23 

4.41 

4.22 

148.5—149.5 

CisHasOfiNS 

4.39,  4.47 

•This  amino  ketone  was  prepared  for  the  first  time  by  Mannich’s 
method  [7]. 

(0.01  mole)  of  substance  in  50  ml  of  anhydrous  ethanol  was  hydrogenated  in  the  presence  of  nickel  prepared  from 
5  g  of  nickel- aluminum  alloy  [8,  9].  With  vigorous  shaking,  250  ml  of  hydrogen  (112%)  was  absorbed.  The  cata¬ 
lyst  was  removed  by  filtration  and  the  alcohol  distilled  in  vacuum.  To  the  residue  were  added  50  ml  of  water  and 
10  ml  of  hydrochloric  acid  (1  :  1);  the  neutral  products  were  extracted  with  three  portions  of  ether  (200  ml).  The 
aqueous  acid  layer  after  separation  of  the  neutral  products  was  made  alkaline  with  an  aqueous  solution  of  ammonia 
(50  ml)  and  extracted  three  times  with  ether.  The  ether  extracts  were  dried  with  sodium  sulfate.  Distillation  of 
the  ether  from  the  neutral  products  yielded  0.13  g  (8.8%)  of  isobutyrophenone  (IX);  its  semicarbazone  melted  at 
162-166*  [10]  and  did  not  depress  the  melting  point  of  an  authentic  sample.  Distillation  of  the  ether  from  the 
alkaline  products  yielded  1.35  g  (70%)  of  2- methyl- 1- phenyl- 3- dimethylamino-l* propanol  (VI)  with  m.p.  87- 
88*  [11]. 

Hydrogenation  of  a-methyl-B-dimethylaminopropiophenone  (11)  with  sodium  in  moist  ether.  A  2  g  sample 
of  substance  (H)  was  mixed  with  equal  volumes  of  ether  (3  ml)  and  water  (3  ml)  and  1.5  g  of  sodium  was  added 
to  the  mixture  in  portions  [12].  At  the  end  of  the  reaction,  the  mixture  was  treated  with  hydrochloric  acid  (1  ;  1) 
and  the  neutral  products  extracted  with  ether.  Distillation  of  the  ether  yielded  0.18  g  (11.6%)  of  isobutyTophenone, 
whose  semicarbazone  melted  at  164-167*.  The  aqueous  acid  layer  of  base  hydrochlorides  was  made  alkaline  with 
ammonia  and  extracted  with  ether.  From  the  ether  extracts  we  obtained  1.2  g  (60%)  of  the  amino  alcohol  (VI) 
with  m.p.  86-87*. 


SUMMARY 

The  hydrogenation  of  four  amino  ketones  over  nickel  and  with  sodium  in  moist  ether  was  investigated. 

It  was  established  that  there  is  deamination  under  these  conditions  together  with  the  formation  of  amino  alcohols. 
The  capacity  for  deamination  is  determined  by  the  structure  of  the  amino  ketone,  namely  the  presence  of  hydrogen 
in  the  a  position.  No  deamination  was  observed  when  there  was  no  hydrogen  in  the  a-position.  The  presence  of 
methyl  groups  at  the  6-carbon  atom  increased  the  lability  of  the  a-hydrogen. 
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POLYMETHYNE  DYES  OF  THE  INDOLIZINE  SERIES 

F*  N.  Stepanov  and  L-  I-  Lukashina 
Institute  of  Intermediates  and  Dyes.  Moscow 

Translated  from  Zhumal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  2850*2853, 
September.  1960 

Original  article  submitted  August  3.  1959 


As  already  reported  [1],  the  absorption  spectra  of  monomethyne  dyes  of  the  indolizine  series  show  some 
anomalies.  In  order  to  elucidate  the  role  of  the  indolizine  nucleus  in  these  anomalies,  we  synthesized  three  dyes 
corresponding  to  those  described  previously,  but  containing  three  carbon  atoms  in  the  outer  conjugated  chain.  In 
the  present  communication  we  describe  the  preparation  and  properties  of  these  dyes  and  also  experiments  on  the 
preparation  and  special  properties  of  analogous  dyes  with  five  methyne  groups  in  the  outer  chain. 

The  symmetrical  dyes  with  three  methyne  groups  (I  and  II)  were  prepared  by  condensation  of  indolizines 
with  oxygen  or  nitrogen  derivatives  of  propene  in  an  acid  medium.  Dye  (I)  has  been  described  previously  in  the 
patent  literature  [2]. 


X- 


"4* 

H,C-<^^=CH-CH=CH-^  ^-CH, 


CIO4 


I 

CH, 


CH,  (I) 

a)X-  =  Br-;  b)X-  =  Clo7. 

^  \  X"  ^ 

I  I 

CH,  (II)  CH, 

a)  X-  =  Br-;b)  X-  =  C10^. 

0+  O 

<^^=CH-CH=CH-<(^^-CH, 


H,C- 


H,C- 


CH, 

\ 


(III) 


CH, 


004 


I 

CH, 


(IV) 


^ ^ 

+ 

H,C-<^^=CH-CH=CH-NHC.H, 
I 

CH, 


(V) 


CIO4 


-N( 


H,C-^^=CH-(CH=CH),-<^ 


CH, 


(VI) 


CH, 


CIO4 


H,C-?^^^CH-(CH=CH),-NHC.H, 


CH, 


(VII) 


=CH-CH=CH-NHC.H,  H,C- 


_/ 
/"  \ 


CIO, 


=CH-(CH=CH),-NHC.H, 


I 

CH,  (VIII) 


The  unsymmetrical  dye  (HI)  was  formed  by  condensation  of  a  salt  of  1,2-dimethylindolizine  with  the 
anilinoallylidene  derivative  of  2,3-dimethylindolizine  (V).  The  latter  compound  was  obtained  together  with 
the  symmetrical  dye  (II)  by  condensation  of  a  salt  of  2,3-dimethylindolizinc  with  malonaldehyde  dianil  in  acetic 
anhydride.  It  was  not  possible  to  isolate  the  anilinoallylidene  derivative  of  1,2-dimetliylindolizine  (IV)  prepared 
under  analogous  conditions. 

The  symmetrical  dye  (VI)  with  five  meth)'ne  groups  in  the  outer  chain  could  only  be  obtained  from  1,2- 
dimethylindolizinc  by  condensation  of  the  latter  with  glutaconic  aldehyde  dianil.  2,3-Dimethylindolizine  formed 
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A  mpi. 


Fig.  1.  Absorption  curves  of  trimethyne 
dyes  in  alcohol,  1)  Bis(l,2-dimethyl- 
lndolizyl-3)-trimethyne  bromide  (la); 

2)  (l,2-dimctliyiindoli2yl-3)-(2,3-di- 
methyiiiidolizyl- l)-trimethync  perchlor¬ 
ate  (111);  3)  bis(2,3-dimethylindolizyl- 
l)-trimethyne  bromide  (Ila). 


Fig.  2.  Absorption  curves  of  pentamethyne  dyes  in 
alcohol.  1)  Bis(l,2-dimethylindolizyl-3)-penta- 
mcthync  perchlorate  (VI);  2)  bis(2,3-dimethyl- 
indoliryl-l)- pentamethyne  perchlorate;  3)  3-(w- 
anilinopentadienylidene  )-l,2-dimethylindolizine 
perchlorate  (VIII);  4)  l-(w-anilinopentadienyl- 
idene)-2,3-dilnethylindolizine  perchlorate  (VII). 


only  the  anilinopentadienylidcne  derivative  (VII)  in  an  analogous  condensation,  despite  variation  of  conditions. 
Nonetheless,  the  absorption  spectrum  of  the  reaction  mixture  in  the  first  minutes  after  mixing  the  reagents  con¬ 
tained  an  absorption  band  with  a  maximum  at  785m/i ,  which  may  be  ascribed  to  the  symmetrical  dye.  This 
compound,  which  is  formed  initially,  apparently  undergoes  subsequent  conversion  to  the  "anilinoylidcnc"  derivative 
(VII),  which  is  more  stable  under  the  reaction  conditions.  The  anilinopentadienylidcne  derivative  of  1,2-dimethyl- 
indolizine  (VIII)  could  also  be  obtained  readily. 

Figure  1  shows  the  absorption  curves  of  dyes  with  three  methyne  groups.  A  comparison  of  the  absorption 
spectra  of  these  dyes  leads  to  the  same  general  conclusions  which  were  drawn  [1]  for  monomethyne  dyes.*  However, 
it  should  be  noted  that  in  this  case  the  position  for  the  maximum  of  the  mixed  dye  (HI)  almost  corresponds  to  the 
aritlmietic  mean  of  the  two  symmetrical  dyes.  The  change  from  monomethyne  to  trimethyTie  dyes  of  indolizine 
involves  a  displacement  of  the  absorption  maximum  toward  the  long- wave  region  by  55-73  mp.  These  values  ' 
are  lower  than  those  usually  observed  for  analogous  changes  in  other  classes  of  polymethyne  dyes. 

The  absorption  spectra  of  dyes  with  five  methyne  groups  arc  given  in  Fig.  2.  The  change  to  these  from 
trimethyne  dyes  involved  a  displacement  of  the  absorption  maximum  by  113  mp  (for  dye  VI),  which  lies  within 
the  range  of  normal  values  for  compounds  of  this  series.  If  it  is  assumed  that  the  absorption  curve  2  (Fig.  2)  belongs 
to  the  symmetrical  pentamethyne  dye  from  2,3- dime thylindolizine  (see  above),  then  the  displacement  of  the  ab¬ 
sorption  band  in  changing  to  this  from  dye  (VI)  is  30  mp,  which  is  of  the  same  order  of  magnitude  as  for  mono* 
and  trimethyne  dyes. 

Indolizine  dyes  which  do  not  contain  other  heterocyclic  residues  are  not  decolorized  by  mineral  acids. 

This  peculiarity  may  be  explained  by  the  incapacity  erf  the  indolizine  nitrogen  atoms,  which  are  in  the  trigonal 
state  due  to  the  planar  strucnire  of  the  nucleus,  to  add  a  proton. 


*The  change  from  trimethyne  dyes  of  the  2-pyTidine  series  to  similar  dyes  of  the  4- pyridine  series  is  known  to 
involve  a  displacement  of  the  absorption  toward  the  long- wave  region  by  43  mp  [3]  and  this  is  close  to  the  dis¬ 
placement  observed  for  indolizine  dyes. 
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EXPERIMENTAL 


Bi5(l,2-dimethylindolizyl-3)-trimethyne  bromide  (la).  A  0.29  g  sample  of  1,2-dimethylindolizine  and 
0.4  g  of  potassium  bromide  were  mixed  carefully.  To  the  mixture  was  added  0.35  g  of  1,1,3- triethoxy- 2- propene 
and  3  ml  of  acetic  anhydride  and  the  reaction  mixture  boiled  for  30  min.  The  precipitate  which  formed  on  cool¬ 
ing  was  collected,  washed  with  water,  and  chromatographed  in  chloroform  on  alumina,  with  the  chromatogram 
developed  with  chloroform'.  The  bright  blue  zone  which  separated  was  eluted  with  50  ml  of  boiling  alcohol. 

The  alcohol  solution  was  evaporated  to  25  ml  and  the  precipitated  crystals  were  recrystallized  from  alcohol.  The 
yield  was  0.17  g  (41*7'’)  and  the  m.p.  273-275*;  ^max  mp  (in  alcohol). 

Found  %  N  6.54,  6.78;  Br  20.62.  CjaHjaNjBr.  Calculated  %  N  6.85;  Br  19.80. 

Bis(1.2-dimethylindolizyl-3)-trimethyne  perchlorate  (Ib).  To  a  mixture  of  0.122  g  of  1,2-dimethylindolizine 
perchlorate  and  0.084  g  of  malonaldehyde  dianil  was  added  3  ml  of  acetic  anhydride-  The  precipitate  formed  was 
collected  and  recrystallized  from  acetone.  The  yield  was  0.06  g  (28.37o)  and  the  decomp.  p.  above  300*; 

642  mp  (in  alcohol). 

Found  N  6.69.  C23H23O4N2CI.  Calculated  N  6.56. 

The  filtrate  was  poured  into  cooled  ether  and  a  small  amount  of  colored  resin  separated;  it  was  impossible 
to  isolate  this  substance,  which  was  probably  3-anilinoallylidene-1.2-dimethylindolizine  (IV)  in  a  crystalline  state; 

^max 

Bis(2,3-dimethylindolizyl-l)-trimethyne  bromide  (Ila).  Under  the  conditions  described  above,  from  0.29  g 
of  2,3-dimethylindolizine,  0.4g  of  potassium  bromide,  0.35  g  of  1,1,3- triethoxy- 2- propene,  and  3  ml  of  acetic 
acid  we  obtained  0.18  g  of  a  substance  (44%)  with  m.p.  242-243"  and  691  mp  (in  alcohol). 

Found  %  N  7.06,  6.98;  Br  20.59.  C23H23N2Br.  Calculated  %  N  6.83;  Br  19.80. 

Bis(2,3-dimethylindolizyl- l)-trimethyne  perchlorate  (Ilb)  and  l-anilinoallylidcne-2.3-dimethylindolizine 
perchlorate  (V).  To  a  mixture  of  0.183  g  of  2.3-dimcthylindolizinc  perchlorate  and  0.168  g  of  malonaldehyde 
dianil  was  added  8.5  ml  of  acetic  anhydride.  After  the  mixture  had  been  stirred  for  10  min.  the  precipitate  was 
collected.  Fractional  extraction  with  alcohol  and  subsequent  recrystallization  from  alcohol  yielded  two  compounds: 
the  first  (0.9  g,  32.0%)  was  l-anilinoallylidene-2.3-dimethylindo!izine  perchlorate  with  decomp.  p.  greater  than 
300*;  546  mp  (  in  alcohol). 

Found  %  N  7.55.  Cj9ni904N2Cl.  Calculated  %  N  7.47. 

The  second  (0.063  g.  19%)  v'as  bis(2,3-dimethylindolizyl-l)-trimethyne  perchlorate  with  decomp,  p,  greater 
than  300*  and  Xf^^ax  629  mp  (in  alcohol). 

Found  %  N  6.31.  6.40.  C23H23O4N2CI.  Calculated  °Ja:  N  6.563. 

(l,2-Dimethylindolizyl-3)-(2,3-dimethylindolizyl-l)-trimethyne  perchlorate  (III).  A  mixture  of  0.05  g  of 
1-anilinoallylidcne -2.3-dimethylindolizine  perchlorate.  0.031  g  of  1,2-dimethylindolizine  perchlorate,  and  2  ml 
of  butanol  was  boiled  for  2  hr.  The  precipitate  which  formed  on  cooling  was  collected  and  washed  with  10  ml 
of  boiling  alcohol.  The  yield  was  0.045  g  (84%)  and  the  m.p.  was  293-295*  (with  decomp,);  Xj^^^  669  mp  (in 
alcohol). 

Found  %.  N  6.40,  6.62.  C23H2304N2C1.  Calculated  %  N  6.56, 

1- (fat  Anilinopentadienylidenc)- 2.3-dimethylindolizine  perchlorate  (VII).  A  mixture  of  0.123  g  of  2,3- 
dimethylindolizine  perchlorate  and  0.124  g  of  glutaconic  aldehyde  dianil  was  ground  in  a  mortar.  2  ml  of  pyridine 
added,  and  the  mixture  left  at  room  temperature  for  16  hr.  Then  0.123  g  of  2.3-dimethylindoIizine  perchlorate 
and  three  drops  of  piperidine  were  added.  After  the  mixture  had  been  kept  at  room  temperature  for  16  hr.  the 
precipitate  was  collected.  The  dye  was  recrystallized  from  pyridine.  The  yield  was  0,07  g  (34.8%)  and  the 
m.p,  was  298-300  (decomp.);  694  mp  (in  alcohol). 

Found  %  N  6.50.  6.58;  Cl  8.68.  8.76.  C2iH2i04N2Cl.  Calculated  %  N  6.9;  Cl  8.8. 

3-(fa;-Anilinopcntadicnylidene)-1.2-dimethylindolizine  perchlorate  (VIII).  To  0.5  g  of  1.2-dimethyl- 
indolizine  in  2  ml  of  butanol  were  added  6  drops  of  HCIO4  and  a  suspension  of  glutaconic  aldeliyde  dianyl 
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hydrochloride  in  2  ml  of  butanol.  The  mixture  was  boiled  for  30  min.  The  precipitate  which  formed  on  cool¬ 
ing  was  collected  and  washed  with  acetone  and  5  ml  of  hot  alcohol .  The  yield  was  0.21  g  (15.2*70)  and  the 
decomp.  p.  greater  than  300°;  ^^n^x  alcohol). 

Found  %  N  7.19.  7.39.  CziHaANzCl.  Calculated  %  N  6.91. 

Dis(1.2-dImethylindolizyl-3)-pentamethyne  perchlorate  (VI).  A  mixture  of  0.15  g  of  1.2-dimethylindolizine. 
0.15  g  of  glutaconic  aldehyde  dianil  hydrochloride,  and  2  ml  of  glacial  acetic  acid  was  heated  on  a  water  bath  for 
1  min.  The  mixture  was  poured  into  15  ml  of  alcohol  and  100  ml  of  ether  added.  The  ether  was  decanted  from 
the  precipitate,  the  latter  dissolved  in  a  few  milliliters  of  alcohol,  and  an  aqueous  solution  of  sodium  perchlorate 
added.  The  dye  was  collected  and  rccrystallizcd  twice  from  alcohol.  The  yield  was  0.06  g  (12.8*70)  and  the 
decomp.  p.  greater  than  300°;  alcohol). 

Found  *7<^  N  6.20.  6.17;  Cl  7.64.  7.^4.  C25H25O4N2CI.  Calculated  *7<r  N  6.20;  Cl  7.84. 

SUMMARY 

Trimethyne  and  pentamethyne  dyes  of  the  indolizinc  series  were  prepared  and  their  spectral  properties 
determined. 


LITERATURE  CITED 

1.  F.  N.  Stepanov  and  L.  I.  Lukashina,  Zhur.  Obshchei  Khimii,  2792  (1959). 

2.  US  Patent  2571775,  C.  A.  3G3  (1952). 

3.  I.M.  Kogan.  Chemistry  of  Dyes  [in  Russian]  (Moscow,  1956)  p,  393, 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  lettcr-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


2833 
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Staudinger  [1.  2]  showed  for  the  first  time  that  aliphatic  diazo  compounds  and  azides  react  readily  with 
compounds  of  trivalent  phosphorus.  It  seemed  interesting  to  study  the  behavior  of  the  latter  toward  azo  compounds, 
which  contain  an  unsaturated  N2  group  that  is  similar  in  a  number  of  properties.  Morrison  [3]  recently  reported  in 
a  brief  communication  that  di-  and  trialkyl  phosphites  (and  also  triphenylphosphine  and  triphenyl  phosphite)  add 
to  azocarboxylic  ester  according  to  schemes  (1)  and  (2). 


«^2n50.2(:N=N(;o.2(:2n5 


(C,H,O),P0H 

alkali 

\ _ . 


(:2ll502NIIN(C02C2U5)I’0(0C2H5)2 


(;.2lIr.02CN(C2ll5)N(C02C2H5)P0(0C2U5)2 


(1) 

(2) 


The  reactions  of  trivalent  phosphorus  derivatives  with  azo  compounds  are  described  in  more  detail  in  the 
present  work.  It  was  found  that  azobenzene  and  phenylazocarboxylic  ester  do  not  react  with  trialkyl  phosphites 
at  room  temperature.  2.2’ .4,4'6,6’-Hexanitroazobenzene.  phenyldiazosulfone.  esters  of  azodicarboxylic  and 
thioazodicarboxylic  acids,  and  also  azodibenzoyl  reacted  vigorously  with  trialkyl  phosphites  to  form  addition  or 
decomposition  products.  These  data  indicated  the  role  of  electrophilic  substituents  at  the  azo  group  in  this  reac¬ 
tion.  The  effect  of  substituents  of  different  degrees  of  electrophilicity  in  the  phosphorus  compounds  is  illustrated 
by  the  fact  that  trialkyl  phosphites  were  appreciably  more  active  than  triphenyl  phosphite,  while  phosphorus  tri¬ 
chloride  did  not  react  with  azo  compounds. 

The  structure  of  the  addition  products  of  neutral  phosphorus  esters  and  azo  compounds  was  studied  on  the 
example  of  azodicarboxylic  esters.  In  composition,  the  compounds  obtained  corresponded  to  the  adducts  of  1  mole 
of  phosphite  and  1  mole  of  azo  compound,  but  contained  four  and  not  five  alkoxyl  groups,  which  indicates  the 
migration  of  one  alkyl  from  oxygen  during  the  reaction.  Hydrazine  was  not  formed  during  acid  hydrolysis  of  these 
substances;  product  (I)  (table)  yielded  diethyl  ethylhydrazine-1.2-dicarboxylate  under  mild  conditions.  When 
product  (I)  was  treated  with  aqueous  ammonia,  there  was  also  elimination  of  the  phosphorus  residue  and  ethyl- 
urethanwas  formed. 


The  infrared  spectra  of  these  substances  showed  absorption  bands  of  high  intensity  characteristic  of  a  C  =  O 
group  at  5.75- 5. 8p  and  a  P  =  O  group  at  7.75- 7. Sp.  Together  with  these  there  was  also  a  doublet  at  6. 8-6. 9 
which  could  be  explained  by  the  appearance  of  the  C  =  N  group  in  the  compound  investigated.  No  absorption 
in  the  region  of  the  N-H  bond  was  observed.  The  data  obtained  and  also  the  comparatively  low  dipole  moments 
of  these  compounds  (for  diethyl  azodicarboxylates  the  dipole  moment  equals  2.58  D  [5])  make  it  possible  to  assigi 
to  the  compounds  investigated  the  following  structure,  which  differs  from  that  proposed  by  Morrison. 
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Com¬ 
pound 
No.  . 

Reaction  product 

Boiling  point 
(pressure 
in  mm) 

^'av 

IJL* 

(1) 

(:.,n.().,f:N=N(:().,c.,ii- -i  i>((')(;.,ii-)i 

1 M —  1 .57°(!h 

I.ltilo 

1 .4 130 

.3.35.39 

3.().5 

(II) 

c.,iU().,(;,\=.N(;()..c.,ii3  -J- !'(()(:,  II, .j.j 

18(1-183  (;() 

1.080 

1.1.145 

391.35 

3.70 

(III) 

1 1  -.0 ,( ;  .\=^  N  ( ;( ).,( ,'4 1 1 ,,  -f-  j '(  (k:-  1 1 

IS'l — 18.5  (_’( 

1.0730 

1 .4 1.55 

_ _ 

_ 

(IV) 

C4ii,,o,(:,\^^N(;«i/;,ii,,  -l  )’(()(;4ii,,)-, 

188—11)0  (1) 

1.013.') 

1.4180 

_ 

(V) 

Co  1 1  -o.,r: N ( : ( )  ,c.,  1 1  -  *  - 1  ’( "( ;,i  n  - )■! 

M.p.  -•-81 » 

— 

394.03 

3.0.5 

(VI) 

C2ll,02(:.\=-M:U..CiII.-.-r  l‘(C,:lir,)3 

— 

Footnote.  The  dielectric  constant  was  determined  on  an  instrument  operating  on  the  beat 
principle.  Hedestrand's  foimula  [4]  was  used  to  calculate  Pqq,  i  e.,  the  total  polarization 
at  infinite  dilution.  The  table  gives  the  mean  values  of  several  determinations.  The  val¬ 
ues  of  p  (dipole  moments)  were  calculated  from  the  formula  p  =  0.22  V  Poo“MRd' 

•The  authors  would  like  to  thank  V.  V.  Fedotova,  who  determined  the  dipole  moments  of 
these  compounds. 

•  •Brick-red  crystals,  which  immediately  decomposed  in  air  to  (CeHslsPO  and 
C2H5O2CNHNHCO2C2H5. 

0P0(0R')2 

I 
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ro(:=n-n(R')C02R' 

1 

.  RO(:=N— i\(R')(;o2R. 

1 

NI!2 

ROoCMI— N(R')C02R 

R0C=0 

I 

NH2 


Together  with  compound  (I).  the  reaction  of  triethyl  phosphite  with  diethyl  azodicarboxylate  formed  a 
small  amount  of  a  higher- boiling  derivative.  The  latter  was  the  main  reaction  product  when  azodicarboxylic 
ester  was  heated  with  diethyl  phosphite  above  100*  and  was  identical  with  the  compound  described  by  Morrison 
(see  scheme  1).  Hydrazinedicarboxylic  ester  was  obtained  as  a  by-product. 


C2H50.2(:N=NC().2C.2H., 


(C.HsOhi’on 


c.2H5(i.2i;Mi-N(C0.2C2U5)i^0(0C2ii5)2: 


(Col  I:,02CN  11)2 


(4) 


The  adduct  of  azodicarboxylic  ester  and  triphenyl  phosphite  had  a  different  character  (this  reaction  was 
also  described  by  Morrison,  but  he  did  not  isolate  the  conversion  products).  The  solid  compound  formed  (V)  was 
readily  converted  into  diethyl  hydrazinedicarboxylate  and  triphenyl  phosphate  by  the  action  of  water,  acids,  and 
even  alcohol.  The  infrared  spectrum  of  this  substance  did  not  show  appreciable  absorption  in  the  region  of  the 
P  =  O  bond  (7.5-8.0jj ).  It  is  also  noteworthy  that  there  was  a  certain  fall  in  absorption  intensity  in  the  region  of 
the  C  =  O  bond  (5.7  p  )  in  comparison  with  the  starting  azodicarboxylic  ester  with  a  simultaneous  increase  in  ab¬ 
sorption  at  6.5  p  (region  of  the  C  =  N  bond).  Those  data  and  the  low  value  of  the  dipole  moment  indicate  that 
the  adduct  obtained  was  formed  according  to  scheme  (5)  without  migration  of  the  phenyl  radical. 


C2H502CN=NC02C2H-4.  I'(OCcM5)3 


C..1M)..CIV— N=C0C2M5  — ^ 

I  I 

(CoHiO)3l‘ - 0 


(5) 


(Ccn30)3P0  +  C2n50.>CMiNnco2C2H5 
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Thus,  the  reaction  of  trivalent  phosphorus  compounds  with  azo  compounds  containing  negative  substituents 
reduces  to  a  donor" acceptor  interaction  [8.  9]  and  the  adduct  first  formed,  which  is  probably  a  type  of  tt -complex, 
is  then  stabilized  with  the  formation  of  a  cyclic  molecule  or  by  migration  of  the  elements  of  phosphite  into  the 
1.4-position  along  the  conjugated  system  O  =  C~N  =  N”C  =  O. 

The  reaction  of  azodicarboxylic  esters  with  complexes  of  trialkyl  phosphites  with  cuprous  chloride  is  unusual. 
When  this  reaction  was  carried  out  in  ethyl  acetate  at  room  temperature,  the  evolution  of  nitrogen  began  rapidly 
and  a  dark-green  precipitate  of  a  copper  compound  formed.  In  the  case  of  propyl  or  butyl  azodicarboxylates,  the 
precipitate  formed  was  quite  stable.  The  analyses  of  these  compounds  and  also  their  conversion  to  hydrazinedicar- 
boxylic  ester  and  cupric  acetate  under  the  action  of  acetic  acid  indicate  that  they  are  copper  salts  of  the  tautomeric 


azine  form  of  hydrazincdicarboxylic  esters 


N - N 

O— Cu— O 


/ 


COR 


This  conclusion  is  confirmed  by  the 


character  of  the  infrared  spectrum  of  these  derivatives,  which  did  not  show  absorption  bands  in  the  region  of 
5.6- 5.8  (i .  characteristic  of  the  valence  vibrations  of  the  C  =0  group  in  the  starting  azo  compounds  [6].  At  the 
same  time,  the  spectra  of  the  copper  salts  showed  an  intense  band  at  6.55  ^ ,  similar  to  the  absorption  band  of  the 
C  =  N  bond  in  conjugated  cyclic  azines  [7].  Thus,  in  this  case  there  was  the  addition  of  a  copper  atom  to  the 
azo  compound  in  the  1.6- position.  The  formation  of  the  copper  derivatives  of  azodicarboxylic  esters  was  accom¬ 
panied  by  a  series  of  side  processes,  which  led  to  ethyl  iodide  (for  the  triethyl  phosphite  complex),  hydrazinedicar- 
boxylic  ester,  and  the  corresponding  mixed  ester  of  carbalkoxyphosphinic  acid  R'02CP0(0R)2.  This  indicates  that 
the  reaction  of  neutral  esters  of  phosphinic  acid  with  azo  compounds  is  undoubtedly  more  complex  and  includes 
some  radical  stages.  This  homolytic  direction  of  the  reaction  is  the  only  one  during  the  reaction  of  triethyl  and 
triphenyl  phosphites  with  such  azo  compounds  as  azodibenzoyl.  Thus,  in  the  reaction  of  azodibenzoyl  with  triethyl- 
phosphite  in  ether,  the  main  product  was  2.5-diphenylfurodiazole  In  chloroform  and  also  during  the  action  of  tri¬ 
phenyl  phosphite  on  azodibenzoyl,  the  main  product  was  tribenzoylhydrazine. 


CeH5CON=NCOCoH5  — Cen5C0N=NCnC„M:.  •  P(0n)3 
N-N 

c,iy:  (';r„M.,  +  (R0)3i'o 


■\ 


in  CHCi, 


N2  4- CbUsCO  •  CellsCO  •  -j  Cen.sf"-f>N=NCOCfills 


(C8H5CO)2N-nco(:„ii,-, 


(CeUsCOjaN-NIICOr.BH.s-h  A 


(6) 


Similarly,  the  S-ester  of  azothiodicarboxylic  acid  was  converted  into  the  dithio  derivative  of  hydrazine  tri¬ 
carboxylic  acid. 


C.I..Sc1i=NC0.C.II.  N,  +  .  CO.R+  ■  COSR 

^  1C.II5SC(0)|,N-N11C02C2II5 


C,H,SCON=NCO,C,IK 


(V 


It  is  possible  to  postulate  other  directions  of  the  radical  processes,  which  could  explain  the  appearance  of 
phosphorylhydrazinedicarboxylic  ester  in  the  reaction  of  triethyl  phosphite  with  azodicarboxylic  ester  (cf.  [8,  9]). 


O  ,0 


/y 

Ror,N=N(:oi\  +  P(0U')3 


ROC-N-NIICU2U  4  A 

I 

•  f’(0ir)3 


4) 

HOtiN - NCO2FI 

I 

•  P(0U')3 

ROCN-N’IICOall  -f  R'- 

I 

PO(OR')o 


(8) 


An  analogous  decomposition  of  azodiacyls,  which  was  facilitated  in  nucleophilic  solvents,  was  described 
by  Leffler  and  Bond  [10],  Cramer  [ll],  and  also  Horner  and  Naumann  [12],  who  emphasized  the  important  role 
or  solvation  or  ’’primary  complex  formation"  in  homolytic  decomposition  of  an  azo  compound.  In  the  absence 


i 

I 

I 
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of  this  preliminary  reaction,  the  decomposition  of  an  azo  compound  is  not  facilitated  as  is  shown  by  the  decom 
position  of  azoisobutyronitrilc  in  tricthyl  phosphite  (low  electron- acceptor  capacity  of  the  azo  group). 


It  is  interesting  to  point  out  that  in  the  reactions  described,  the  decomposition  of  azo  compounds  under  the 
action  of  phosphites  is  similar  in  many  ways  to  the  decomposition  of  azodicarboxylic  ester  under  the  action  of 
CU2CI2.  which  is  also  accelerated  in  a  basic  medium. 


n(».,(;Nr.=Nr;()_,u  — *  N’j -f  2i\n.,(; 


RO,rN=N(:o,u 


llA 


(HO..(:)o\’— NCO-Jt - .  (lU'jtOiN— MlOOiR -i- A. 


Since  the  ^oup  in  aromatic  compounds  of  the  "diazonium  salt"  type  has  the  most  strongly  expressed 
electron  acceptor  properties,  it  is  possible  that  the  decomposition  mechanism  of  the  latter  in  many  cases  of  the 
Sandmeyer  reaction  or  in  the  synthesis  of  heteroorganic  compounds  (Nesmeyanov- Waters -Brooker)  includes 
preliminary  coordination  of  the  diazo  compound  molecule  with  a  donor,  namely,  copper  or  an  element  in  the 
lower  valence  state  similar  to  that  reported  in  the  present  article.  This  is  confirmed  to  some  extent  by  our  experi¬ 
ments  on  the  addition  of  tricthyl  phosphite  to  phenyldiazosulfone.  to  benzenediazonium  fluoborate,  and  also  to 
the  double  salt  of  benzenediazonium  chloride  and  mercuric  chloride  [13,  14]. 


EXPERIMENTAL 

1.  Reaction  of  triethyl  phosphite  with  diethyl  azodicarboxylate.  With  cooling  to  “10  to  “15*and  stirring, 
to  g  of  tricthyl  phosphite,  which  had  first  been  distilled  over  sodium,  was  added  30  g  of  diethyl  azodicarboxyl¬ 
ate  and  the  color  of  the  later  disappear^  d  rapidly.  Rough  distillation  of  the  reaction  mixture  yielded  36.2  g  of  a 
fraction  with  b.p.  159-165°  (3  mm)  and  3.0  g  of  a  fraction  with  b.p.  180-185°  (3  mm).  Rcdistillation  of  the  first 
fraction  yielded  26.1  g  of  a  main  fraction  with  b.p.  155-157°  (3  mm).  d^°2o  1.1615,  n^^’o  1,4430, 

Found  'Y'l  C  42.47,  42.60;  11  7.48,  7.62;  N  8.69.  8.50;  P  8.89,  8.85;  OC2H5  52.90,  52.73.  M  340.2.  Ci2H25ChN2P. 
Calculated  C  42.5;  H  7.35;  N  8.24;  P  9.10;  OC2H5  53.0.  M  340.0. 

The  fraction  with  b.p.  155-157°  (3  mm)  (3  g)  was  shaken  at  room  temperature  for  30  min  with  15  ml  of 
hydriodic  acid  and  then  the  reaction  mixture  was  neutralized  with  5‘)'o  aqueous  alkali  and  extracted  with  ether. 

We  obtained  1.2  g  of  a  fraction-  It  had  b.p.  95-97°  (3  mm),  d^°20  1-1442,  n^®D  1.4400. 

Founds  C  46.  40.  47.04;  H  8.46,  8.08;  N  12.20.  12.50;  CX:2Hs  43.83,  44.5.  C«Hi604N2.  Calculated ‘7<i 
C  47.0;  H  7.85;  N  13.7;  OC2H5  44.0. 

No  azo  compound  was  formed  when  the  substance  was  oxidized  with  fuming  nitric  acid  or  sodium  hypo¬ 
chlorite. 

A  3,0  g  sample  of  the  substance  and  10  ml  of  hydrochloric  acid  were  heated  on  a  water  bath  for  5  hr.  We 
collected  2.0  g  of  ethyl  chloride  with  b.p.  +  13°.  Evaporation  of  the  acid  in  vacuum  yielded  about  1  g  of  crystals, 
which  were  dissolved  in  S'/oNaOH.  The  addition  of  alcohol  yielded  0.4  g  of  sodium  phosphate  with  m.p.  57* 
(decomp.). 

Found  %  C -traces;  H  5.46,  5.78;  N-none;  P  12.04,  12.24,  Na2HP04 ' 7H2O.  Calculated  %  H  5.6; 

P  11.6. 

A  test  for  PO^’^4  (molybdate)  was  positive. 

To  3.5  g  of  the  substance  was  added  15  ml  of  aqueous  ammonia.  After  48  hr  the  solution  was  neutralized 
with  concentrated  H2SO4,  extracted  witlt  ether,  and  the  extract  vacuum  distilled.  We  isolated  0.65  g  of  crystals 
with  m.p.  49-50°  (from  CIICI3).  M.p.  49-50°  has  been  reported  for  ethylurethan  [15]. 

Found  C  40.71,  40.86;  H  7.98,  7.86;  N  15.20,  15.65;  P-none.  C3H7O2N.  Calculated  %  C  40.5;  H  7,85; 

N  15.7. 

After  redistillation,  the  fraction  with  b.p.  180-185*  (3  mm)  distilled  at  178-182*  (.3  mm)  and  had  d^20 
1.1607,  n^^D  1.4475  [3]. 

Found  °]<i  C  38.73.  38.49;  H  6.72.  6.52;  N  8.74.  8.92;  P  9.74,  9.85;  OC2H5  56.88.  56.27.  M  310.  CioH2iO,N2P. 
Calculated  C  38.5;  H  6.7;  N  9.0;  P  9.95;  OC2H5  57.7.  M  312. 
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A  2.0  g  sample  of  the  substance  and  10  ml  of  hydrochloric  acid  were  heated  on  a  water  bath  for  2  hr. 
Evaporation  of  the  solution  in  vacuum  precipitated  10  g  of  crystals  with  m.p.  130-132“  (from  aqueous  alcohol). 
M.p.  130*  has  been  reported  for  diethyl  hydrazinedicarboxylate  [16]. 

Found  %  C  41.26;  H  6.24;  N  15.63.  CgHijO^Nj.  Calculated  %  C  41.0;  H  6.8;  N  16.0. 

The  filtrate  was  found  to  contain  phosphoric  acid  (test  with  molybdate). 


2.  Reaction  of  diethyl  azodicarboxylatc  with  diethyl  phosphite.  A  mixture  of  8.5  g  of  diethyl  azodicar- 


azodicarboxylate  [17]  and  4. 65  g  of  triethyl  phosphite  yielded  12.4  g  of  a  fraction.  It  had  b.p.  180-185“  (2  mm), 
d*®jo  1  0730.  n^°D  1.4455. 

Found  %  C  48.93.  49.04;  H  8.52.  8.86;  N  7.25.  7.57;  P  7.35.  7.15.  M  398.  Number  of  alkoxyl  groups 
3.94.  3.97.  C16H33O7N2P.  Calculated  C  48.5;  H  8.35;  N  7.1;  P  7.85.  M  396. 

5.  Reaction  of  dibutyl  azodicarboxylatc  with  tributyl  phosphite-  By  the  above  procedure.  10.5  g  of  tributyl 
phosphite  and  10.7  g  of  dihutyl  azodicarboxylatc  yielded  14.5  g  of  a  fraction.  It  had  b.p.  188-190“  (1  mm).  d^®20 
1.0425.  n^^D  1.4480. 

Found  %  C  55.22.  54.99;  H  8.95.  9.10;  N  5.30.  5.39;  P  6.70,  6.68.  M  469.5.  C22H45O7N2P.  Calculated  % 

C  55.0;  H  9.4;  N  5.85;  P  6.5.  M  480.0. 

6.  Reaction  of  diethyl  azodicarboxylate  with  triphcnyl  phosphite.  An  8  g  sample  of  azodicarboxylic  ester 
was  mixed  with  14  g  of  triphenyl  phosphite.  When  kept  for  18  hr  at  room  temperature  in  a  closed  flask,  the  whole 
of  the  mixture  was  decolorized  and  crystallized.  After  three  rccrystallizations  from  absolute  ether,  the  product 
had  m.p.  80-80.5". 

Found  %  C  60.38.  60.31;  H  6.04,  5.84;  N  5.47.  5.83;  P  6.06.  5.97;  CX:2H5  19.45.  20.45.  C24H2507N2P 
Calculated  %  C  59.5;  H  5.15;  N  5.8;  P  6.4;  OC2H5  18.5. 

A  3  g  sample  of  the  substance  was  covered  with  5  ml  of  water.  After  24  hr.  the  mixture  was  extracted  with 
ether.  Evaporation  yielded  0.8  g  of  diethyl  hydrazinedicarboxylate  with  m.p.  129-130*  (from  chloroform).  Distilla¬ 
tion  of  the  filtrate  yielded  1.3  g  of  triphenyl  phosphate  with  b.p.  200-220“  (5  mm);  the  product  crystallized  during 
storage.  It  had  m.p.  49-50“  (from  alcohol),  which  corresponds  to  literature  data  [18]. 

Found  %.  C  66.92.  67.05;  H  5.20.  5.08;  P  8.78.  8.99.  C18H15O4P.  Calculated  %  C  66.5;  H  4.6;  P  9.5. 

7.  Reaction  of  diethyl  azodicarboxylate  with  triphenylphosphine.  A  mixture  of  5  g  of  azodicarboxylic  ester 
and  7.5  g  of  triphenylphosphine  in  30  ml  of  diethyl  ether  was  stirred  and  cooled  with  an  acetone  “carbon dioxide 
mixture.  Brick-red  crystals  formed  rapidly  and  these  changed  into  a  gluey  mass  at  room  temperature.  The  sub¬ 
stance  was  decolorized  in  air  and  changed  to  triphenylphosphine  oxide  with  m.p.  150“  (from  a  mixture  of  chloro¬ 
form  and  absolute  ether)[18]. 

Found  C  77.23.  77.33;  H  6.08.  5.71;  P  11. 23.  CigHigOP.  Calculated  %  C  77.7;  H  5.4;  P  11.2. 

8.  Reaction  of  dipropyl  azodicarboxylate  with(C2HrP)3P  '  Ctil.  To  a  solution  of  4.4  g  of  the  complex 
(C2H50)3P  •  Cul  in  15  ml  of  dry  ethyl  acetate  was  added  2.5  g  of  dipropyl  azodicarboxylate.  Dark-green  crystals 
soon  began  to  precipitate  and  after  18  hr  they  were  collected  (1.6  g),  washed  with  ethyl  acetate,  and  dried  in 
vacuum. 
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Found  C  35.71.  35.77;  H  5.23.  5.61;  N  9.45.  9.97;  OC3II7  43-82.  44.08.  CgHi404N2Cu.  Calculated  % 

C  36.1;  H  5.3;  N  10.5;  OC3H7  44.5. 

Nitrogen  was  liberated  during  the  reaction. 

9.  Reaction  of  dibutyl  azodicarboxylate  with  (€21150)3^  •  Cul.  By  the  above  procedure.  10  g  of  the  complex 
(C2H50)3P  •  Cul  in  25  ml  of  ethyl  acetate  and  8.5  g  of  dibutyl  azodicarboxylate  yielded  4.3  g  of  dark-green  crystals. 

Found  %  C  40.99.  40.67;  11  6.04.  6.21;  N  8.54.  9.26;  OC4II9  47.34, 48.00.  CicHjg04N2Cu.  Calculated  % 

C  41.0;  H  6.1;  N  9.5;  OC4H9  49.0. 

The  filtrate  yielded  4  g  of  a  first  fraction  with  b.p.  51-54“  (2  mm)  and  3.5  g  of  a  second  fraction  with 
b.p.  148-153“  (1  mm),  which  crystallized  completely. 

After  rcdistillation,  the  first  fraction  had  b.p.  55-57“  (1  mm).  d^®20  1068.  n^^D  1.4070. 

Found  C  45.52.  45.88;  M  7.32.  7.39;  P  12.84,  12.57.  Number  of  alkoxyl  groups  2.92.  C9H19O5P.  Cal 
culated  %  C  45.5;  H  8.0;  P  13.0. 

The  crystals  formed  by  the  second  fraction  w'ere  pressed  out  on  a  porous  plate  and  had  m.p.  45-46*. 

M  p.  45“  has  been  reported  for  butyl  hydrazinedicarboxylate  [17]. 

Found  %  C  51.87.  62.09;  H  8.81,  9.11;  N  12.75.  12.35;  P-None.  CioH2o04N2.  Calculated  %  C  51.7;  H  8.6; 
N  12.2. 

The  ethyl  acetate  distillate  was  found  to  contain  ethyl  iodide  (as  ethylisothiourea  picrate  with  m.p.  18.5*. 
from  alcohol)  [19]. 

10.  Decomposition  of  copper  derivative  of  dibutyl  azodicarboxylate  with  acetic  acid.  A  1.0  g  sample  of 
the  copper  derivative  was  heated  with  5  ml  of  acetic  acid.  The  addition  of  ether  precipitated  copper  acetate. 

Found  %  C  24.25.  23.82;  H  4.70.  4.68.  C4H8OSCU.  Calculated  C  24.0;  H  4.0. 

The  filtrate  contained  dibutyl  hydrazinedicarboxylate  with  m.p.  45  46*  [17]. 

11.  Reaction  of  azoisobutnonitrilc  with  tricthyl  phosphite,  a)  No  reaction  was  observed  at  60* 

b)  To  4  g  of  triethyl  phosphite  at  120-130*  was  added  3.95  g  of  azoisobutyronitrile  in  portions  and  this 
decomposed  immediately  with  the  liberation  of  nitrogen.  The  mixture  crystallized  on  cooling.  We  obtained 
2  g  of  tetramethylsuccinonitrile  with  m.p.  168*.  According  to  literature  data  [20]:  m.p.  169*. 

Found  N  20.17.  20.33.  M  128.  CgHjjNj  Calculated  %:  N  20.6.  M  136. 

From  the  filtrate  we  isolated  a  fraction  with  b.p.  60-95*  (20  mm),  v/hich  contained  phosphorus  and  was 
hydrolyzed  by  157o  hydrochloric  acid  to  form  phosphoric  acid  (identified  as  the  dianiline  salt).  The  platelets 
had  m.p.  185“  (decomp.). 

Found  C  49.94;  H  6.13;  N  9.21.  CinHi704N2P.  Calculated  It*  C  50.6;  H  6.0;  N  9.85. 

12.  Decomposition  of  diethyl  azodicarboxylate  by  Cu2Cl2.  a)  A  mixture  of  3  g  of  diethyl  azodicarboxylate 
and  0.6  g  of  cuprous  chloride  was  boiled  for  7  hr.  Distillation  of  the  tarry  reaction  mixture  yielded  0.4  g  of  a 
fraction.  It  had  b.p.  128-  130“  (1  mm) ,  d"*^20  1-169.  n^°D  1.4410. 

Found  %  C  43.85.  44.20;  H  6.83.  7.17;  N  11.42.  11.47;  OC2H5  53.02.  53.42.  CgHieOgNj.  Calculated  % 

C  43.7;  H  6.5;  N  11.3;  OCjHg  54.5. 

By  treatment  with  aqueous  ammonia,  the  fraction  was  converted  into  diethyl  hydrazinedicarboxylate  with 
m.p.  130-132“. 

b)  To  3  ml  of  pyridine  at  room  temperature  were  added  3.0  g  of  azodicarboxylic  ester  and  1.0  g  of  Cu2Cl2- 
A  reaction  accompanied  by  gas  evolution  began  immediately.  The  copper  salt  was  then  precipitated  with  alcohol, 
the  filtrate  successively  washed  with  5^0 hydrochloric  acid  and  5^70  potassium  carbonate  solution,  and  extracted  with 
ether,  and  the  extract  dried  over  magnesium  sulfate.  We  obtained  1.3  g  of  hydrazinetricarboxylic  ester  with  b.p. 
128-130“  (2  mm),  which,  on  treatment  with  ammonia,  was  converted  into  diethyl  hydrazinedicarboxylate  with 
m.p.  131-132*. 
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13.  Reaction  of  triethyl  phosphite  with  phenyldiazosulfone.  To  17  g  of  triethyl  phosphite  was  added  2.5  g 
of  phenyldiazosulfone  in  portions.  A  reaction  began  after  5-10  min  and  this  was  accompanied  by  heat  evolution 
(cooling  to  0-5*  was  necessary),  solution  of  the  solid  phenyldiazosulfone.  and  evolution  of  gaseous  products.  After 
18  hr,  the  reaction  mixture  was  extracted  with  dry  diethyl  ether  and  the  ether  extract  diluted  with  ligroin  with 
cooling  in  a  mixture  of  solid  carbon  dioxide  in  acetone  until  the  precipitation  of  a  dark-red  oil  ceased.  The  pre¬ 
cipitated  oil  was  filtered  free  from  solid  impurities  and  then  purified  by  solution  in  ether  and  reprecipitation  with 
ligroin  at  ~70*  five  times.  The  oil  crystallized  when  the  solvent  was  removed  in  vacuum.  It  had  m.p.  137-140* 

(from  chloroform).  The  yield  was  0.7  g. 

Found  C  52.09,  51.79;  H  5.85.  5.36;  N  6.46,  6.58;  P  7.23.  7.20;  S  7.53.  7.41;  OCjHg  23.80,  24.08. 
CMH25O5SN2P.  Calculated  %.  C  52.2;  H  6.1;  N  6.8;  P  7.5;  S  7.75;  OCjHg  23.5. 

14.  Reaction  of  triethyl  phosphite  with  benzenediazonium  fluoborate.  A  2.5  g  sample  of  benzenediazonium 
fluoborate,  which  had  first  been  dried  carefully  in  vacuum,  was  added  in  portions  to  3.0  g  of  tricthyl  phosphite. 

The  reaction  was  accompanied  by  heat  evolution  and  the  liberation  of  gaseous  products,  which  were  collected  in 
a  trap,  cooled  in  a  mixture  of  solid  carbon  dioxide  and  acetone.  The  reaction  mixture  was  filtered  free  from  solid 
impurities  and  washed  three  times  with  7  ml  portions  of  dry  ether.  Removal  of  the  solvent  in  vacuum  yielded 

4.3  g  of  a  thick,  dark-red  oil,  which  decomposed  during  distillation. 

Found  %  C  38.45,  38.28;  H  4.71.  4.82;  N  8.06.  8.12;  P  10.07.  10.37;  F  19.30.  19.33;  OCjHg  29.30.  30.30. 
C10H15O3N2PF3B.  Calculated  %  C  38.8;  H  4.85;  N  9.0;  P  11.0;  F  18.4;  OCjHg  29.0. 

Distillation  of  the  contents  of  the  trap  yielded  0.5  g  of  ethyl  fluoride  with  b.p.  -37*.  M  48. 

15.  Reaction  of  triethyl  phosphite  with  the  double  salt  of  benzenediazonium  chloride  and  mercuric  chloride. 
To  a  suspension  of  5  g  of  the  double  salt  C6H5N2HgCl3  in  25  ml  of  dry  ethyl  acetate  was  added  4  g  of  triethyl  phos¬ 
phite  In  portions.  The  reaction  was  accompanied  by  heat  evolution  and  the  liberation  of  gaseous  products.  The 
clear,  dark-red  solution  formed  was  evaporated  in  vacuum.  The  residual  oil  (5.3  g)  was  divided  into  two  portions. 
The  first  portion  was  dissolved  in  ether,  separated  from  the  solid  impurities,  and  precipitated  with  ligroin  with 
cooling  in  a  mixture  of  solid  carbon  dioxide  and  acetone.  After  this  operation  had  been  canied  out  five  times, 
the  oil  was  kept  under  vacuum. 

Found  %  C  31.09.  30.70;  H  5.15,  5.14;  N  3.67,  3.74;  P  11.06,  11.24;  OCjHg  35.06,  34.68;  Hg  31.07.  M  576 
(in  benzene).  Ci6H3o06N2P2Cl2Hg.  Calculated  C  29.8;  H  4.65;  N  4.35;  P  9.6;  OC2H5  35.0;  Hg  32.2.  M  664. 

The  second  portion  of  the  oil  was  hydrolyzed  in  15  ml  of  hydrochloric  acid.  A  precipitate  formed  immediate¬ 
ly  and  after  evaporation  of  the  hydrochloric  acid,  this  was  extracted  with  hot  alcohol  and  precipitated  when  the 
extract  cooled.  It  had  m.p.  249-250*. 

Found  %  C  23.06.  23.26;  H  1.31,  1.78.  CcHgClHg.  Calculated  'Vet  C  23.0;  H  1.6. 

The  addition  of  aniline  to  the  alcohol  filtrate  precipitated  platelets  of  the  aniline  salt  of  phosphoric  acid. 

Found  %  N  10.30,  10.26;  P  10.76,  10.66.  Ci2Hi704N2P-  Calculated  %  N  9,9;  P  10.9. 

16.  Reaction  of  triethyl  phosphite  with  azodibenzoyl.  To  a  solution  of  1.8  g  of  azodibenzoyl  in  10  ml  of 
absolute  ether  at  -10"  was  added  1.25  g  of  triethyl  phosphite.  The  reaction  was  accompanied  by  heat  evolution 
and  liberation  of  gaseous  products.  The  colorless  crystals  which  precipitated  were  collected  and  washed  with 
ether  (1.5  g).  After  many  recrystallizations  from  alcohol,  they  had  m.p.  138-139*.  According  to  literature  data 
[10]:  m.p.  138-140*. 

Found  C  76.04,  76.14;  H  4.34,  4.96;  N  12.47,  12.60.  C14H10ON2.  Calculated  %  C  75.7;  H  4.5;  N  12.6. 

Distillation  of  the  filtrate  yielded  an  additional  0.2  g  of  crystals  and  about  1  g  of  a  fraction  with  b.p.  65- 
75*  (5  mm)  which  was  impure  triethyl  phosphate. 

Analogously,  2.3  g  of  azodibenzoyl  and  1.6  g  of  triethyl  phosphite  were  mixed  in  10  ml  of  CHCI3.  The 
precipitated  crystals  (1,75  g)  were  collected;  on  evaporation  of  the  solvent,  the  filtrate  again  formed  crystals 
(2.0  g).  After  repeated  recrystallization,  the  product  was  separated  into  a  comparatively  soluble  part  with 
m.p.  136-138*  which  was  2.5  diphenylfurodiazole,  and  a  difficultly  soluble  part,  which  did  not  contain  phosphorus 
either  and  had  m.p,  208-210",  According  to  data  in  [10]:  m.p.  206". 

Found  %:  C  72.43,  72.77;  H  5.69.  5.33;  N  8.23,  8,05.  CziHigOsNj.  Calculated  ‘5o:C  73.5;  H4.65;N8.15. 
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17.  Reaction  of  triphenyl  phosphite  with  azodibcnzoyl.  To  1.95  g  of  triphenyl  phosphite  in  5  ml  of  absolute 
ether  was  added  1.5  g  of  azodibcnzoyl  in  portions.  After  1*1.5  hr.  the  reaction  mLxture  recrystallized  to  a  solid, 
colorless  mass.  We  obtained  0.5  g  of  tribenzoylliydrazinc  with  m.p.  208'  (from  alcohol).  Evaporation  of  the  solvent 
from  the  filtrate  in  vacuum  left  a  red  oil.  which  crystallized  when  treated  with  hydrazine  hydrate.  We  obtained 
0.7  g  of  colorless  crystals  with  m.p.  100-101' (from  alcohol).  According  to  [18]:  m.p.  iOO*. 

Found  %  P  15.58.  15. .38.  C6H11O2N4P.  Calculated  %  P  15.44. 

An  azine  with  m.p.  213*  was  formed  witli  salicylaldchyde  and  the  reaction  for  phosphoric  acid  was  positive. 

18.  Reaction  of  tricthyl  phosphite  with  diethyl  thioazodicarboxylate.  A  5.6  g  sample  of  the  ethyl-S-ethyl 
ester  of  tliioazodicarboxylic  acid  [GJ  was  mixed  with  5.8  g  of  triethyl  phosphite  at  ~10".  Distillation  yielded  8.0  g 

of  a  wide  fraction  with  b  p.  78-102'  (1  mm),  which  crystallized  after  24  hr.  After  being  sucked  off  and  recrystallized 
from  alcohol,  the  product  formed  colorless  crystals  with  m.p.  109-110'. 

Found  ‘/n:  C  39.09.  39.35;  H  5.94.  5.79;  N  10.36.  10.76;  S  23.37.  23.03;  OC2H5  16.16,  15.87.  M  271. 
C9H16O4N2S2.  Calculated  7c?  C  38.7;  H  5.7;  N  10.0;  S  22.8;  OC2H5  16.0.  M  280. 

SUMMARY 

It  was  shown  that  trialkyl  phosphites  react  vigorously  with  azo  compounds  containing  negative  substituents 
at  the  azo  group  such  as  CO2R.  COSR,  S02Ar.  COAr,  C6H2(N02)3.  and  also  with  benzenediazonium  fluoborate  and 
the  double  salt  of  benzenediazonium  chloride  and  mercuric  chloride.  The  reaction  in  different  cases  led  to  products 
either  from  the  addition  of  phosphites  or  from  the  decomposition  of  the  azo  compounds. 
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Investigations  of  recent  years  have  shown  that  ethylenamidophosphates  and  thiophosphates  containing  several 
ethylenamide  groups  in  the  molecule  are  biologically  active  preparations.  Symmetrical  ethylenamidodiphosphates 
•  and  ethylenamidothiodiphosphates  were  found  to  be  particularly  interesting  [1].  In  the  present  work,  we  describe 
the  following  compounds  that  have  not  been  described  in  the  literature  previously:  N.N' -diethylenechloromethyl- 
phosphonic  diamide.  N.N’-diethylene-6-chloroethylphosphonic  diamide.  N.N’ -diethylene vinylphosphonic  diamide, 
N.N'-diethylene-0-piperidinoethylphosphonic  diamide,  and  N.N' .N” .N’" - tetraethyleneethylenediphosphonic tetra- 
mide.  The  literature  contains  only  a  patent  report  on  an  ethylenimino  derivative  of  phosphonic  acid  [2]. 

Diethylenechloromethylphosphonic  diamide  was  obtained  by  the  reaction  of  ethylenimine  with  chloromethyl- 
phosphonic  dichloride.  The  reaction  was  carried  out  in  dry  benzene  in  the  presence  of  a  tertiary  amine  under  the 
conditions  for  the  synthesis  of  ethylenamidophosphates  [3].  The  chlorine  atom  in  the  a  position  of  chloromethyl- 
phosphonic  dichloride  is  not  labile  and  was  not  replaced  by  an  ethylenimine  residue. 

yCl  X.II2  /  XA\,\ 

-f  2HN(  I  -f  2(C2llr,)3N  —  ClCHjP  N<  |  +  2(02ll5)3N  •  HCI 

I1V.1  \(:n,  WX^cw,}, 

0  o 

Diethylene- B-chloroethylphosphonic  diamide  was  synthesized  analogously.  As  in  the  previous  case,  only 
the  two  chlorine  atoms  attached  directly  to  the  phosphorus  were  replaced  by  the  action  of  ethylenimine  on  6- 
chloroethylphosphonic  dichloride  even  with  a  molar  ratio  of  reagents  of  3  :  1.  The  chlorine  atom  in  the  0- posi¬ 
tion  of  the  acid  chloride  showed  some  activity  and  was  partly  eliminated  as  hydrogen  chloride  so  that  the  product 
was  contaminated  by  a  small  amount  of  diethylenevinylphosphonic diamide,  which  was  difficult  to  separate.  The 
chlorine  content  of  diethylene-0 -chloroethylphosphonic  diamide  that  had  been  purified  by  repeated  vacuum  distil¬ 
lation  was  always  less  than  theoretical.  We  confirmed  the  possibility  of  partial  elimination  of  hydrogen  chloride 
and  the  formation  of  the  vinylphosphonic  diamide  by  direct  experiment.  Thus,  when  the  0  -  chloroethylphosphonic 
diamide  was  heated  with  triethylamine  in  benzene,  a  small  amount  of  triethylamine  hydrochloride  was  formed. 

We  attempted  the  preparation  of  diethylenevinylphosphonic  diamide  by  two  methods:  a)  the  action  of 
alcoholic  alkali  on  diethylene  0 -chloroethylphosphonic  diamide  and  b)  the  reaction  of  ethylenimine  with  vinyl¬ 
phosphonic  dichloride.  We  were  unable  to  obtain  the  vinylphosphonic  diamide  in  a  discrete  state  by  the  first  method. 
The  action  of  alcoholic  alkali  at  room  temperature  produced  incomplete  elimination  of  hydrogen  chloride.  It  was 
impossible  to  effect  the  dehydrochlorination  under  more  drastic  conditions  because  of  the  instability  of  the  starting 
material.  Diethylenevinylphosphonic  diamide  was  obtained  in  a  good  yield  by  the  second  method. 

N.N'-Diethylene-0 -piperidinoethylphosphonic  diamide  was  obtained  by  the  reaction  of  the  vinylphosphonic 
diamide  with  piperidine. 

/  cn.>\  / - ,  - .  /  /CII.A 

c;ii2=cnr»  N(  \  -fiiN''  —  c  Nn-cii.cii.p  n(  i 

II  \  ^ -  ' - /  ■  “11  \  \(’.II.,/2 

o  0 
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The  reaction  proceeded  comparatively  readily  with  heating  in  the  presence  of  a  catalytic  amount  of 
alcohoJatc;  the  reaction  gave  a  low  yield  in  the  absence  of  alcoholate-  The  action  of  hydrogen  chloride  on  the 
aminophosphonate  yielded  an  uncrystallizable  salt,  while  picric  acid  gave  a  picrate  that  melted  with  decomposi¬ 
tion. 

Tctraethyleneethylenediphosphonic  tetramide  was  obtained  by  the  reaction  of  ethylcnediphosphonic  tetra¬ 
chloride  with  ethyleniminc.  Due  to  the  low  solubility  of  ethylenediphosphonic  tetrachloride  in  benzene,  the  reac 
tion  was  carried  out  in  dry  chloroform.  The  ethylenediphosphonic  tetramide  was  isolated  by  repeated  fractional 
crystallization  from  benzene.  In  the  number  and  arrangement  of  the  functional  groups,  the  ethylenediphosphonic 
tetramide  is  very  similar  to  compounds  tliat  are  of  great  biological  interest  [1.  4]. 
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The  ethyleneamidophosphonates  obtained  are  given  in  the  table. 

The  intermediates  in  the  synthesis  of  the  amides,  namely,  chloromcthyl- ,  6 -chloroethyl-  and  vinylphos- 
phonic  dichlorides  and  ethylenediphosphonic  tetrachloride,  were  prepared  by  known  methods  [5]. 


EXPERIMENTAL 

N,N' -Diethylencchloromethylphosphonic  diamide.  To  10.5  g  (0.245  mole)  of  ethylenimine,  24.7  g 
(0.  245  mole)  of  triethylamine.  and  100  ml  of  dry  benzene  was  added  20.4  g  (0.122  mole)  of  chloromethylphos- 
phonic  dichloride  in  100  ml  of  dry  benzene  at  6-10*  over  a  period  of  1  hr  and  the  reaction  mixture  was  stined 
at  room  temperature  for  1  hr,  left  overnight  and  then  stirred  for  1  hr  at  40-5(f.  The  triethylamine  hydrochloride 
formed  was  then  removed  by  filtration  and  washed  carefully  with  benzene  and  the  solvent  distilled  from  the  filtrate. 
The  residual  thick  oil.  which  was  N.N’ -diethylenechloromethylphosphonic  diamide,  polymerized  completely  in  an 
attempt  at  distillation  at  0.1  mm  and  a  bath  temperature  up  to  160*.  When  cooled  to  ~5"  for  2  days,  it  partly  crys¬ 
tallized  to  give  a  pasty  mass,  which  deliquesced  in  air.  The  substance  was  purified  by  distillation  at  0.0001  mm 
and  a  bath  temperature  of  85-90*.  We  obtained  15.1  g  (68.57'J)  of  product. 

d^’4  1.3039.  n^^D  1.5159,  41.83;  calc.  41. 33. 

Found  %  F  17.24.  17.27;  N  15.58,  15.63;  Cl  19.57.  19.76.  M  180.6.  C5H10ON2PCI.  Calculated  %  P  17.16; 
N  15.52;  Cl  19.63. 

After  distillation,  the  substance  appeared  as  a  thick,  clear,  hygroscopic  liquid  which  crystallized  on  stand¬ 
ing  and  was  soluble  in  water,  alcohol,  and  benzene,  but  sparingly  so  in  ether. 

N.N' -Diethylene-  6  -chloroethylphosphonic  diamide.  Under  the  conditions  described  above,  from  7.1  g 
(0,164  mole)  of  ethylenimine  and  15  g  (0.083  mole)  of  6- chloroethylphosphonic  dichloride  v/e  obtained  14.7  g 
of  the  diamidc.  The  chlorine  content  of  the  crude  product  was  less  than  the  calculated  value-  The  substance 
partly  crystallized  when  cooled  and  kept  for  a  long  time;  during  vacuum  distillation  (106-108*  at  0.4  mm),  about 
V3  of  the  substance  taken  distilled  and  the  rest  polymerized.  The  diamide  could  be  purified  by  distillation  at 
0.001  mm  and  a  bath  temperature  of  85-90°;  it  w’as  an  immobile,  hygroscopic  liquid  which  was  soluble  in  water, 
ether,  benzene,  acetone,  alcohol,  etc.  We  obtained  11.6  g  (72%)  of  product. 

d^®4  1.2565,  n^D  1.5045,  MRp  45.9;  calc.  45  95. 

Found  %  P  16.4,  16.6;  N  14.68.  14.46;  Cl  16.87,  16.63.  M  194.6.  CgH^ONzPCl.  Calculated  %  P  15.94; 

N  14.4;  Cl  18.3. 

N.N'-Diethylenevinylphosphonic  di.imidc.  Under  the  conditions  given  above,  from  19.6  g  (0.135  mole)  of 
vinylphosphonic  dichloride  and  11.6  g  (0.27  mole)  of  ethylenimine  we  obtained  16.83  g  of  the  diamide.  The 
substance  was  purified  by  fractional  distillation  in  vacuum.  It  had  b.p.  75-78“  (0.1-0.15  mm).  The  diamide  was 
soluble  in  water,  ether,  benzene,  acetone,  and  other  organic  solvents.  The  vinylphosphinic  diamide  could  not  be 
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nam  idophosphonates 


Melting  point. 

•Found  %  C  41.23;  H  6.83;  calculated 


ontainod  in  a  diccrcte  state  by  dchydrochlorination  of  N.N' -diethylene-6 -chlcroethylphosphonic  diamidc.  The 
yield  was  15.4  g  (71*70). 

d2®4  1  1607,  1.5063,  MR^  40.49;  calc.  40.25. 

Found  P  19.95;  N  17.56.  M  158.14.  CcHnONzP.  Calculated  lo-.  P  19.59;  N  17.7. 

a)  A  small  amount  of  tricthylaminc  hydrochloride  was  formed  when  9.2  g  (0.047  mole)  of  the  6*  chloro- 
ethylphosphonic  diamide  was  heated  with  5.4  g  (0.051  mole)  of  tricthylaminc  in  benzene  for  3  hr  with  the  solvent 
boiling.  After  removal  of  the  hydrochloride  and  evaporation  of  the  benzene,  tlie  residue  was  vacuum  distilled  and 
found  to  be  the  6  -chloroethylphosphonic  diamide  contaminated  with  a  small  amount  of  vinylphosphonic  diamide- 

b)  A  12  g  sample  (0.061  mole)  of  6  -chloroethylphosphonic  diamide  was  mLxed  with  alcoholic  alkali  pre¬ 
pared  from  15  ml  of  C2H5OH  and  2.66  g  of  KOH.  The  reaction  mixture  was  kept  at  room  temperature  for  3  hr.  the 
alcohol  removed,  and  the  residue  fractionated  in  vacuum.  We  isolated  the  6 -chloroethylphosphonic  diamide  with 
a  small  amount  of  the  vinylphosphonic  dia.aiide.  The  chlorine  content  of  the  substance  was  3*70  less  than  that 
calculated  for  ih.c  starting  material. 

N,N’-Diethylene-8 -piperidinocthylphosphonic  diamidc.  To  10  g  (0.063  mole)  of  the  vinylphosphonic  amide 
in  50  ml  of  dry  benzene  was  added  5.4  g  (0.063  mole)  of  piperidine  and  the  mixture  heated  for  3  hi  at  60-70*. 

After  removal  of  the  solvent,  the  reaction  mixture  was  vacuum  distilled:  the  1st  fraction  boiled  at  a  bath  tempera¬ 
ture  of  50-60'  (0.001  mm),  4.2  g;  the  2nd  boiled  at  60-130*  (0.001  mm),  a  few  drops;  the  3rd  boiled  at  130-140* 
(0,001  mm),  5.0  g. 

According  to  boiling  point  and  refractive  index,  the  1st  fraction  was  the  starting  material.  The  3rd  frac¬ 
tion  was  found  to  be  the  3 -piperidinocthylphosphonic  di.imide.  The  yield  was  32. d'/a  The  substance  was  a  thick, 
hygroscopic  liquid,  which  was  soluble  in  water,  benzene,  ether,  and  other  solvents.  n^®D  1.5072. 

Found  *7:  P  13.32;  N  16.96.  M  243.2.  CnHjgONaP.  Calculated  %  P  12.75;  N  17.3. 

An  ether  solution  of  hydrogen  chloride  was  added  to  an  ether  solution  of  the  aminophosphonate  obtained 
to  precipitate  a  thick,  hygroscopic,  uncrystallizable  oil,  which  was  kept  in  vacuum  after  removal  of  the  ether. 

In  chloiine  content,  it  corresponded  to  N.N' -dicthylenc -6 -piperidinocthylphosphonic  diamide  hydrochloride. 

Found  *70:  Cl  13.1,  M  280.  C11H23ON3CIP.  Calculated  *70:  Cl  12.7. 

The  addition  of  a  benzene  solution  of  picric  acid  to  a  benzene  solution  of  the  diamine  precipitated  an  oil, 
which  crystallized  when  triturated  with  ether.  The  substance^  melted  at  65*  with  decomposition  and  evidently  was 
the  picrate  of  the  8 -piperidinoethylphosphonic  diamide.  It  was  obtained  in  much  better  yield  if  the  reaction  was 
carried  out  in  the  presence  of  catalytic  amounts  of  sodium  ethylate-  Thus.  4.2  g  (0.026  mole)  of  the  vinylphos¬ 
phonic  diamide  and  2.26  g  (0,026  mole)  of  piperidine  with  2  drops  of  C2H50Na  yielded  5.2  g  (81‘7<>)  of  product. 

N,N',N",N**-TetracthylenecthyIcnediphosphonictctranude.  Under  the  conditions  described  for  synthesizing 
N,N'-dicthylenechloromcthylphosphonic  diamide,  from  3.26  g  (0,076  mole)  of  etliylenimine  in  40  ml  of  chloro¬ 
form  and  5  g  (0.019  mole)  of  cthylencdiphosphonic  tetrachlcride  in  200  ml  of  the  same  solvent,  we  obtained  a 
mixture  of  N.N’,N",N" ’-tetraetliylencethylenediphosphonic  tetramide  and  txiethylamine  hydrochloride.  The  mix¬ 
ture  obtained  was  separated  by  treatment  with  dry  benzene  at  CO*  and  the  unJissolvcd  tricthylamine  hydrochloride 
removed  from  the  solution  by  filtration.  After  distillation  of  the  benzene  from  the  filtrate,  the  residual  tetramide 
was  recrystallized  from  benzene-  We  obtained  4.4  g  (80*7:’)  of  product.  After  three  recrystallizations,  the  substance 
had  m.p.  135-136*  and  appeared  as  white,  acicular  crystals,  which  were  hygroscopic  in  air,  soluble  in  water,  alcohol, 
and  chloroform,  less  soluble  in  benzene  and  acetone,  and  sparingly  soluble  in  ether  and  ligroin. 

Found  *7(1  C  41.23,  41.01;  H  6.83,  6.7«;  P  21.45,  21.68;  N  19.4,  19.5.  Cioll2AN4Pr  Calculated  *71  C  41.37; 
H  6.94;  P  21.34;  N  19.31.  M  290.2. 

SUMMARY 

Five  amidophosphonates  that  have  not  been  described  in  the  literature  were  prepared. 
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A  study  of  the  properties  of  2-amino-l-methylbenzimida7.ole  [1],  which  we  s)’nthesized  previously  by  amina- 
tion  of  l-inethylboiizimidazo-e.  *  showed  tli:t  in  reactions  with  some  electrophilic  reagents,  this  compound  shows 
double  reactivity:  the  reaction  yields  either  a  derivative  of  this  amine,  corresponding  to  it  in  structure,  or  a  deriva¬ 
tive  of  its  tautomeric  form,  namely.  1-methylbenzimidazolonimine. 

It  has  now  been  established  that  o-  and  y -amino  derivatives  of  N-heterocyclcs  (pyridine,  quinoline, 
p)Timidinc,  thiazole,  etc.)  exist  in  the  amino  form  [3].  The  double  reactivity  of  these  compounds  is  not  connected 
with  the  possibility  of  tautomeric  conversion,  but,  according  to  A.  N.  Nesmeyanov,  is  due  to  the  reaction  occurring 
\,'ith  or  without  transfer  of  the  reaction  center  [4].  If  the  reagent  attacks  the  N-hetero  atom,  the  reaction  is  accom¬ 
panied  by  redistribution  of  the  electron  density  in  the  molecule  (due  to  the  electromeric  displacement  of  two  elec¬ 
tron  pairs),*  *  and  a  derivative  of  the  imino  form  is  produced.  If  the  conversion  occurs  at  the  exocyclic  N  atom, 
then  a  derivative  of  tlie  amino  form  is  produced. 

These  ideas  obviously  may  be  extended  to  2- amino  compounds  of  benzimidazoles. 

The  reaction  of  2-amino-l-methylbcnzimidazole  with  p-nitrobenzoyl  chloride  in  the  presence  of  sodium 
bicarbonate  proceeds  at  the  arnino  group  with  the  fonnation  of  2-p-nitrobcnzoylamino-l-methylbenzimidazole (II). 
It  was  established  that  this  compound  was  a  derivative  of  the  amino  form  on  the  basis  of  the  series  of  conversions 
described  below.  *  *  * 

Its  mcthylation  product  (IV),  which  was  obtained  by  the  action  of  methyl  benzenesulfonate  and  then  alkali, 
was  hydrolyzed  when  lieated  with  hydrochloric  acid  with  the  formation  of  p-nitrobenzoic  acid;  the  compound 
which  was  isolated  from  the  acid  filtrate  as  tiio  hydrochloride  lost  ammonia  when  heated  in  an  alkaline  medium 
and  was  converted  to  1,3-dimcthylbcnzimidazolonc  (VI)  and  ooascquently  was  the  hydrochloride  of  1,3-dimethyl- 
benzimidazolonimine  (V).  The  formation  of  1,3-dimethylbenzimidazolone  from  the  nitrobenzoyl  derivative  of 
2- arnino- 1-methylbenzimidazole  as  a  result  of  tlie.'^e  conversions  is  possible  only  if  the  p-nitrobenzoyl  group  is 
attached  to  the  exocyclic  nitrogen  atom.  It  also  shows  that  the  N-hetero  atom  is  attacked  during  mcthylation  of 
the  acyl  derivative.  Consequently,  this  series  of  conversions  may  be  expressed  by  the  following  scheme: 


*Thc  amination  of  alkylbenzimidazoles  with  sodamide  was  described  for  the  first  time  and  then  studied  in  [1,  2]. 

•  •Therefore  this  conversion  should  be  considered  as  a  reaction  with  transfer  of  the  reaction  center  although  the 
hetero  atom  may  be  regarded  as  a  second,  independent  reaction  center  in  the  molecule,  competing  with  the 
amino  group. 

•  •  'Analogous  conversions  were  used  for  elucidating  the  structure  of  a-aminopyridine  derivatives  [5], 


2847 


'  "  C-NUCOAr  — ^ 


^/\n/ 


(Ml., 


CH 


Cll, 


^\/^\ 

I  u  N 


C=NCOAr 


C113 


»,o 

HCl 


CHa 

/^\/^\ 

I  I  C=NII  .  FICl  — ^ 
1  I  /  KOH 

V\n/ 

I 


C»3 

J  + 

^_NHCOAr 


CHa 

I 

.N. 


CH3 


CHa 

Ar=p-<),NC,.H,CO:  X=aHjSO,. 


I  1  )=° 

<''»  CII, 


In  the  methylation  of  2-amino*  1-methylbenzimidazole  by  methyl  iodide,  the  methyl  cation  attacks  the 
nitrogen  hetero  atom.  The  reaction  is  accompanied  by  a  displacement  of  electron  density  toward  this  atom  and 
as  a  result  1,3-dimethylbenzimidazolonimine  hydriodide  (VII)  is  formed  so  that  the  reaction  involves  transfer 
of  the  reaction  center.  The  structure  of  the  compound  obtained  was  established  by  the  identity  of  the  picrates 
formed  by  compounds  (V)  and  (VII)  and  also  by  the  compound's  conversion  to  1,3-dimethylbenzimldazolone  by 
alkaline  hydrolysis. 
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In  contrast  to  1,3-dimethylbenzimidazolonimine,  2- amino- 1-methylbenzimidazole  did  not  undergo  hydrol¬ 
ysis  when  heated  with  alkali  solution;  this  observation  indicated  the  absence  of  tautomeric  equilibrium  between  the 
amino  and  imino  forms  of  the  given  compound  under  these  conditions. 

In  conclusion,  we  should  note  that  the  displacement  of  electron  density  from  the  exocyclic  N  atom  to  the 
N-hetero  atom  in  the  2- amino- 1-methylbenzimidazole  molecule  is  apparently  expressed  more  strongly  than  in 
the  case  of  some  analogous  heterocyclic  amines  such  as  a-aminopyridine.  Therefore,  in  contrast  to  the  latter, 
2-amino- l-methylbenzimidazole  does  not  give  an  isonitrile  reaction. 


EXPERIMENTAL 

2-(p-Nitrobenzoylamino)-l,3-dimethylbenzimidazolium  benzcnesulfonate  (III).  The  starting  2-amino- 
1-methylbenzimidazole  was  obtained  by  amination  of  1-methylbenzimidazoIe  with  sodamide  in  dimethylaniline 
at  90-110*.  It  was  converted  to  2-(p-nitrobenzoylamino)- 1-methylbenzimidazole  by  the  action  of  p-nitrobcnzoyl 
chloride  in  the  presence  of  sodium  bicarbonate  [2]. 

A  mixture  of  0.4  g  of  2-(p-nitrobenzoylamino)- 1-methylbenzimidazole  and  0.25  g  (5‘7oexcess)  of  methyl 
benzenesulfonatc  was  slowly  heated  to  160- 1G5"  on  a  glycerol  bath.  The  dark,  clear  melt  was  cooled  and  ground 
with  a  mixture  of  alcohol  and  ether  (1  :  3).  The  precipitate  formed  was  collected  and  washed  with  ether.  The 
yield  was  0.6  g  (92%).  The  white  prisms  (from  dioxane)had  m.p.  208-209*  and  were  soluble  in  water  and  alcohol, 
but  insoluble  in  benzene. 

Found  %  S  6.77.  CzjHjoOgN^S.  Calculated  %  S  6.84. 

N-p-Nitrobenzoyl-1.3-diinethylbenzimidazolonimine  (IV).  A  0.47  g  sample  of  2-(p-nitrobenzoylamino)- 
1,3-dimethylbenzimidazolium  benzcnesulfonate  was  ground  with  sodium  hydroxide  solution  until  the  precipitate 
became  yellow  and  then  the  mixture  was  heated  on  a  water  bath  at  70-80*  for  30  min.  The  precipitate  was  col¬ 
lected  by  filtration  and  washed  with  water  and  alcohol.  The  light-yellow  prisms  (from  benzene)  had  m.p.  228-229" 
and  were  soluble  in  chloroform,  but  insoluble  in  alcohol.  The  yield  was  quantitative. 
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Found  %  N  17.95.  18.03.  CjcH^OaM^.  Calculated  N  18.06. 

1.3- Diniethylbcnzimidaznloniminc  hydrochloride  (V).  A  0.31  g  sample  of  N-p-nitrobenzoyl-l.S-dimethyl- 
bcnzimidazoloniinine  was  dissolved  with  hearing  in  20  ml  of  20*7^ hydrochloric  acid.  The  solution  was  boiled  for 
4  hr.  The  precipitate  which  formed  on  cooling  (0.1  g)  had  m.p.  238“  and  was  p-nitrobeiizoic  acid.  The  hydro¬ 
chloric  acid  filtrate  was  evaporated  to  small  volume  and  cooled  and  the  precipitate  collected  and  washed  with 
alcohol.  The  yield  was  almost  quantitative.  I’hc  compound  contained  ionic  chlorine  and  formed  white  prisms 
(from  alcohol)  with  ri.p.  313-314°,  which  were  soluble  in  water,  but  insoluble  in  ether. 

Found  N  20.97.  20.94;  Cl  17.77.  CgHuNg  •  IICI.  Calculated  N  21.26;  Cl  17.94. 

When  an  aqueous  solution  of  the  compound  was  mixed  with  an  alcohol  solution  of  picric  acid,  the  picrate 
precipitated.  The  yellow  crystals  (from  alcohol)  had  m.p.  230-231°. 

Found  '?i  N  21.74.  21.70.  CipHi^CVNg.  Calculated  %  N  21.53. 

Hydrolysis  of  1.3-dimethylbenziniidazolonimine  hydrochloride.  A  mixture  of  0.22  g  of  1.3-dimethyl- 
bcnzimidazolonitnine  hydrochloride  and  0.25  g  of  potassium  hydroxide  was  dissolved  in  10  ml  of  water  and  the 
solution  boiled  for  6  hr.  The  evolution  of  ammonia  was  detected  by  smell  and  by  means  of  Nessler’s  reagent. 

The  solution  was  evaporated  to  smalTvolume  and  cooled  with  a  mixture  of  snow  and  salt.  The  precipitate  (0.13  g) 
was  collected,  washed  with  ice  water,  and  dried  in  a  vacuum  desiccator.  Evaporation  of  the  filtrate  almost  to 
drymess  yielded  a  further  0.04  g  of  substance.  The  total  yield  was  0.17  g  (95%).  The  white  crystals  (from  ligroin) 
had  m.p.  107°  (according  to  literature  data,  106.5-107°  [6]),  A  mixture  with  authentic  1,3-dimethylbenzimidazolone 
melted  at  100-107°. 

1.3- I')imethylbenziiTiidazolonimijie  hydriodide  (VII).  A  solution  of  0.3  g  of  2-amino-l-methylbenzimi- 
dazole  and  0.4  g  of  methyl  iodide  (15% excess)  in  7  ml  of  alcohol  was  boiled  under  reflux  for  2  hr.  The  precip¬ 
itate  which  formed  on  cooling  (0.45  g )  was  collected  and  washed  with  a  small  amount  of  alcohol.  The  m.p.  was 
253°.  From  the  mother  liquor  v.^e  isolated  a  further  0.12  g  of  a  substance  with  m.p.  252*.  The  total  yield  was 
0.57  g  (97%).  The  compound  contained  ionic  iodine  and  formed  white  needles  with  m.p.  254-255°  (from  alcohol), 
which  were  soluble  in  water,  but  insoluble  in  ether. 

Found  %  N  14.52,  14.68;  I  43.81.  CgHnNg  *  HI.  Calculated  %  N  14.53;  I  43.89. 

The  action  of  picric  acid  on  the  compound  formed  a  picrate  with  m.p.  230-231°,  which  was  identical  with 
the  picrate  obtained  from  1,3-dimethylbenzimidazolonimine  hydriodide.  Alkaline  hydrolysis  of  1,3-dimethyl- 
benziinidazolonimine  hydriodide  gave  an  almost  quantitative  yield  of  1,3-dimethylbenzimidazolone. 

SUMMARY 

1.  It  was  established  that  2-amino- 1-niethylbcnzimidazole  shows  double  reactivity  in  reactions  with  some 
electrophilic  reagents.  Its  acylation  with  p-nitrobenzoyl  chloride  formed  2-(p-nitrobenzoylamino)-methylbcn-  . 
zimidazole;  the  latter  v;as  sho\m  to  be  a  derivative  of  the  amino  form  by  a  series  of  conversions  (methylaiion  and 
hydrolysis)  leading  to  1.3-dimethylbenzijTiidazolone. 

2.  During  the  action  of  methyl  iodide  on  2-amino- 1-methylbcnzimidazole,  the  N-hetero  atom  was  attacked 
and  the  reaction  proceeded  with  transfer  of  the  reaction  center,  leading  to  the  formation  of  1,3-dimcthylbenzimi- 
dazolonimine  hydroiodide. 
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In  a  previous  communication  [1]  we  described  the  synthesis  and  properties  of  a  vinylacetylenic  glycol, 
namely,  unsymm  -  d imethylphenylvinylace tylenylethylene  glycol  (2-  methyl-  3-  phenylhept-  6-  en-  4-  yne -  2,3-  diol). 

It  was  established  that  when  heated  with  20% sulfuric  acid,  this  glycol  forms,  as  a  result  of  a  pinacolin  reanange- 
ment,  a  vinylacetylenic  ketone,  namely,  3-methyl- 3-phenylhept-6-en-4-yn-2-one  as  the  sole  reaction  product. 

We  continued  to  study  vinylacetylenic  a- glycols  because  we  were  interested  in  the  effect  of  the  vinylacetyl 
enyl  residue  on  the  conversion  of  such  glycols  under  the  catalytic  action  of  20- 30%  sulfuric  acid. 

It  was  previously  found  that  some  a- glycols  containing  a  phenylacetylenyl  residue,  for  example,  onsymm- 
dimethylphenylphenylacetylenylethylene  glycol  (I,  R  =  R'  =  CH3,  R"  =  R"  =  CgHs),  are  readily  isomerized  to 
a  substituted  2- hydroxy- 2,5- dihydrofuran  (II)  [2,  3],  while  unsymm- methyldiphenylphenylacetylenylethylene 
glycol  (I,  R  =  R'  =  R”  =  CgHs,  R"  =  CH3)  forms  exclusively  an  acetylenic  ketone  (El)  [4]. 

The  pinacol  with  a  vinylacetylenyl  radical  described  in  the  previous  communication  [1]  (R  =  R’  =  CH3, 

R"  =  CfiHg,  R”  =  CH  =  CII2),  is  incapable  of  cyclization  like  the  pinacol  (I,  R  =  R’  =  R"'  =  CgHs,  R"  =  CH3 
and  is  dehydrated  to  a  vinylacetylenic  ketone  (IE)  (scheme  1). 


Scheme  1 

R"— c=cn 

I  l/R"'  R\  /”" 

yc  C<  *—  >COII-C()Il  — ►  R-CO-C— C=C-U"' 

n/yNoii  r/  \r,^c-n-  \r" 

(ID  (I)  (HI) 

In  the  present  article  we  describe  the  conversions  of  a  second  vinyl  acetylenic  a- glycol  (IV),  which  was 
also  converted  into  a  vinylacetylenic  ketone,  namely,  2-methyl-l,2-diphenylhex-5-en-3-yn-l-one  (V)  (scheme  2). 


Scheme  2 

\coii— con  c„iL-co-c— c=c-cii=cii2 

Cells  \c=c— CII=CH2  ^Cellj 

(IV)  (V) 

•Presented  on  April  11,  1960  at  the  scientific  and  technical  conference  organized  by  the  Leningrad  Division  of 
die  D.  I.  Mendeleev  All-Union  Chemical  Society  together  with  the  Lensovet  Technological  Institute. 


2850 


The  formation  of  the  ketone  was  demonstrated  by  analytical  data,  the  infrared  spectrum,  and  oxidation  to 
acetophenone  and  benzoic,  oxalic,  and  formic  acids. 

linsymm-niethyldiphenylvinylacciylenylethylenc  glycol  (IV)  was  synthesized  by  lotsich’s  metliod  from 
diphenylacetylcarbinol  and  vinylacetylene.  In  comparison  w'ith  uns\Tnm-dimcthylphenylvinylacetylenylcthylcne 
glycol  (I),  described  previously,  the  glycol  (IV)  crystallized  much  more  rapidly  and  did  not  polymierize  during 
storage . 

The  structure  of  the  glycol  (IV)  obtained  was  demonstrated  by  oxidation  with  lead  tetraacetate,  which 
yielded  benzophenone  and  methyl  vinylacciylenyl  ketone.  An  .attempt  to  synthesize  this  glycol  from  the  corre¬ 
sponding  koto  alcohol  and  vinylacetylene  in  the  presence  of  sodamide  in  liquid  ammonia  under  the  conditions  of 
the  synthesis  of  acctylenylcyclohexanol  [5]  did  not  give  a  positive  result.  Li  this  case  we  isolated  a  dienynic 
alcohol  with  a  terminal  acctylenyl  group,  namely,  l,l-diphenyl-2-methylenehex-3-en-5-yn-l-ol  (VII).  The 
formation  of  this  alcohol  may  be  explained  by  the  isomerization  by  sodamide  of  the  nonnal  reaction  product, 
namely,  unsymrn-methyldiphenylvinylacetylenyleihylcne  glycol  (IV),  to  a  glycol  with  a  terminal  acetylenyl 
group,  namely,  2-methyl-l.l-diphenylhex-3-en-5-)'n-l,2-diol  (VI),  and  dehydration  of  this  glycol  to  the  dienynic 
alcohol  (VII)  (scheme  3). 


Scheme  3 

CH,  CH, 

(I^6^5}iC0H-C0H-C3C-C=CH3  - ►  {C6H5}2C0H-C0H-CH=C“C  =  CH  — ► 

(IV)  - -  (a) 

CHj  CH, 

[(CoH5),CCH-COH-CH^C'-)-C=Ch]— .-(CgH5)2C0M-C-Cn=CH-C  =  CH 
(vi)  (VII) 

The  double  prototropic  rearrangement  through  the  intermediate  triune  (a)  we  observed  is  similar  to  the 
isomerization  of  disubstituted  to  monosubstituted  acetylenes  in  the  presence  of  metallic  sodium,  which  was  dis¬ 
covered  by  A,  E.  Favorskii  [6]  and  studied  by  him  on  numerous  examples. 

The  isomerization  of  disubstituted  to  monosubstituted  acetylenes  in  the  presence  of  sodamide  was  observed 
in  an  attempt  at  the  synthesis  of  methylisopropcnylacetylene  [7], 

In  the  literatiure  there  is  also  a  report  [8]  that  under  the  action  of  sodamide,  the  triple  bond  in  acetylenes 
is  transferred  to  the  end  of  the  cliain,  but  not  to  the  neighboring  position  tlirough  but  one  carbon  atom.  We  also 
observed  this  phenomenon  in  the  preparation  of  the  dienynic  alcohol  (VII)  from  the  glycol  (IV). 

In  connection  with  the  isomerizatirn  of  the  vinylacetylenic  a- glycol  (IV)  under  the  action  of  sodamide, 
which  we  observed,  it  seemed  interesting  to  study  the  direct  action  of  sodamide  in  liquid  ammonia  on  the  glycol 
synthesized  by  lotsich’s  method.  After  carrying  out  the  appropriate  experiment  and  vacuum  distilling  the  reaction 
product,  we  isolated  only  benzophenone  plus  a  small  amount  of  a  liquid  which  could  not  be  investigated  because 
of  its  small  amount.  It  may  bo  assumed  that  this  material  corresponded  to  hexa-l,3-dien-5-yne  (VIII),  which 
volatilized  during  vacuum  distillation  (b.p.  83.4*  at  normal  pressure  [9]).  The  fonnation  of  tlie  isomeric  divinyl- 
acetylene  was  excluded  due  to  its  extreme  instability  on  heating  (scheme  4). 

Scheme  4 

(IV)  — >  (VII)  — >  (CoIl5)2CO  + Cll2=CH-Cn=CH-C=CH 

(VIII) 

All  the  spectra  given  in  this  work  were  plotted  and  interpreted  by  T.  V.  Yakovleva,  to  whom  we  are  very 
grateful. 


EXPERIMENTAL 

1.  Synthesis  of  Unsymm-Methyldiphenylvinylacetylenylcthylene  Glycol 

The  glycol  was  synthesized  by  lotsich's  method.  Into  an  ether  solution  of  ethylmagnesium  bromide,  prepared 
by  the  usual  method,  was  passed  excess  vinylacetylene  until  the  reaction  mixture  formed  layers.  An  ether  solution 
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of  diphenylacetylcarbinol  (m.p.  65*)  was  added  slowly  over  a  period  of  a  day  with  vigorous  stining  and  the  ether 
boiling  gently.  When  all  the  keto  alcohol  had  been  added,  the  mixture  was  stirred  for  a  further  2  days  with  gentle 
heating.  A  small  amount  of  pyrogallol  was  added  and  the  complex  decomposed  first  with  ice  water  and  then  with 
very  dilute  sulfuric  acid.  Extraction  with  ether  and  removal  of  the  latter  from  the  extract  yielded  a  thick  brown 
liquid,  which  crystallized  after  a  few  days.  The  purified  substance  melted  at  67-68*  (from  ligroin). 

As  a  result  of  five  experiments,  we  obtained  57.3  g  (51.8*70)  of  unsymm-methyldiphenylvinylacetylenylethylene 
glycol  (2- methyl-  1,1-diphenylhex-  5-en-  3-  yne-  1,2-diol). 

Found  ‘7<i  C  82.10,  82.08;  H  6.64.  6.68;  0.69;  M  271.5.  C^HigOz.  Calculated  %  C  81.98;  H  6.52; 

Hgct  0-72.  M  278.3. 

The  infrared  spectrum  was  plotted  on  an  IKS- 14  spectrophotometer  with  LiF  and  NaCl  prisms  over  the  range 
of  700-3400  cm'^  in  CCI4  (5%  solution  of  glycol)  with  a  layer  thickness  of  500  p .  The  following  frequencies  were 
observed;  ~  3400  ("OH).  2230  and  2283  irC  =  C").  923  and  966  (CHj  =  CH  - ).  1601  and  702  cm‘^  (CeHg). 

For  confirmation  of  the  structure,  the  glycol  was  oxidized  with  lead  tetraacetate.  With  vigorous  stirring, 

10  g  of  lead  tetraacetate  was  added  in  small  portions  to  a  solution  of  5.5  g  of  glycol  (m.p.  67-68*)  in  55  ml  of 
glacial  acetic  acid  and  then  the  reaction  mixture  was  heated  on  a  water  bath  (70-75*)  for  3  hr  with  vigorous 
stirring.  The  cooled  mixture  was  diluted  with  water,  the  precipitate  removed  by  filtration,  and  the  filtrate 
neutralized  with  sodium  carbonate  and  steam  distilled.  The  four  fractions  collected  were  extracted  with  ether. 
Removal  of  the  ether  from  the  first  extract  yielded  0.42  g  of  a  yellow  liquid,  which  was  converted  into  a  2i4-di- 
nitrophenylhydrazone  with  m.p.  161-162*  (from  methanol). 

Found  %  C  52.89;  H  4.16;  N  20.35.  Ci2Hio04N4.  Calculated  %  C  52.55;  H  3.67;  N  20.43. 

A  mixed  melting  point  with  authentic  methyl  vinylacetylenyl  ketone  2,4-dinitrophenylhydrazone  [10]  was 
not  depressed. 

From  the  founh  fraction  of  distillate  we  isolated  0.57  g  of  a  thick  liquid,  whose  2,4-dinitrophenylhydrazone 
melted  at  238*  (from  glacial  acetic  acid).  A  mixed  melting  point  with  authentic  benzophenone  2,4-dinitrophenyl¬ 
hydrazone  was  not  depressed. 

Found  C  62.81;  H  4,18;  N  15.68.  Cj3Hm04N4.  Calculated  %  C  62.98;  H  3.89;  N  15.46. 

The  formation  of  benzophenone  and  methyl  vinylacetylenyl  ketone  by  the  oxidation  of  the  glycol  (IV)  with 
lead  tetraacetate  confirmed  the  structure. 

2.  Action  of  Sulfuric  Acid  on  Uns ym m  -  Me  th y Id iphe ny  1  v  inylace  t y le nyle  th yle ne 
Glycol  (IV) 

When  the  glycol  was  boiled  for  1  hr  with  a  tenfold  amount  of  25%  sulfuric  acid,  the  original  glycol  was 
recovered. 

When  the  glycol  was  boiled  with  40%  sulfuric  acid  for  2  hr  with  vigorous  stining.  the  mixture  turned  brown, 
but  no  fluorescence  was  observed.  The  ether  extract  from  the  acid  solution  was  washed  with  an  aqueous  solution 
of  sodium  carbonate  and  water  and  dried  with  sodium  sulfate.  Removal  of  the  ether  left  a  dark  liquid  which 
boiled  at  153-154*  (1.5  mm)  when  vacuum  distilled  and  left  a  considerable  amount  of  tarry  residue.  The  liquid 
crystallized  after  3  days. 

As  a  result  of  two  experiments,  from  16.5  g  of  glycol  we  obtained  9.5  g  of  a  substance  with  m.p.  49*. 

Found  %:  C  88.03.  87.89;  H  6.32,  6.39.  M  257.6.  CigHigO.  Calculated  %  C  87.66;  H  6.19.  M  260.3. 

The  infrared  spectrum  contained  the  following  frequencies:  1690  (C  =  O),  2201  and  2226  (“C  =  C“),  924 
and  970  (CHj  =  CH"  ),  1600  and  702  (-CgHs)  cm’^ 

According  to  analysis  data,  the  compound  obtained  was  a  vinylacetylenic  ketone,  namely,  2-methyl-l,2- 
diphenylhex-5-en-3-yn-l-one  (V).  The  yield  of  the  ketone  was  57.8%. 

We  were  unable  to  obtain  a  2.4-dinitrophenylhydrazone  or  semicarbazone  from  this  ketone.  It  has  been 
reported  in  the  literature  that  some  acetylenic  ketones  with  a  benzoyl  residue  do  not  show  a  carbonyl  group  (4,  11]. 
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The  solution  remaining  after  extraction  of  the  ketone  was  neutralized  and  extracted  with  ether  to  yield  a 
very  small  amount  of  a  thick  brown  mass,  which  was  insufficient  for  the  isolation  of  an  individual  product. 

For  confirmation  of  the  proposed  structure,  the  ketone  was  oxidized  with  potassium  permanganate  in  aqueous 
p'Tidiiie.  For  3  g  of  ketone  we  use.d  00  ml  of  p)Tidinc  and  14.0  g  of  potassium  permanganate  (1‘2.2  g  in  450  ml  of 
vatcr  and  2.4  g  in  the  dry  state).  When  the  oxidant  was  added,  the  solution  immediately  began  to  evolve  heat  and 
turn  brown-  When  all  the  potassium  permanganate  solution  had  been  added,  the  rest  of  the  oxidant  was  added  in 
the  dry  state  in  small  portions.  Tlie  oxidation  continued  for  9.5  hr  with  tlie  mixture  heated  to  35-40*  for  the  last 
2.5  Itr.  1  he  manganese  dioxide  was  removed  by  filtration  and  washed  with  a  small  amount  of  hot  vrater.  The 
P)Tidine  and  neutral  volatile  oxidation  products  together  with  excess  water  were  removed  by  distillation  under 
reduced  pressure.  After  the  distillate  had  been  acidified  with  sulfuric  acid  to  bind  the  p)Tidine.  the  steam- volatile 
netitral  oxidation  products  were  extracted  v.nth  ether  and  converted  into  a  2,4-dinitrophcnyIliydrazone,  which  had 
m.p.  247*  (from  glacial  acetic  acid)  and  did  not  depress  tlie  melting  point  of  authentic  acetophenone  2,4-dinitro- 
phenylhydrazone. 

Found  Icr,  C  55.77;  H  4.21;  N  18.88.  18.81.  C14H12O4N4.  Calculated  C  56.00;  H  4.03;  N  18.66. 

No  neutral  substances  that  were  not  volatile  in  steam  were  isolated. 

Decomposition  of  the  salts  of  organic  acids  with  dilute  sulfuric  acid  liberated  benzoic  acid  with  m.p.  118- 
119*  (mixed  melting  point)  and  qualitative  tests  showed  that  the  solution  contained  fortnic  acid,  which  was  distilled 
from  the  solution  under  slightly  reduced  pressure  with  gentle  heating.  Prolonged  extraction  of  the  remaining  solu¬ 
tion  yielded  oxalic  acid  with  m.p.  100“  (mixed  melting  point). 

Thus,  the  oxidation  products  acetophenone  and  benzoic,  oxalic,  and  formic  acids  confirmed  the  structure 
of  the  ketone. 

3.  Attempt  at  the  Synthesis  of  U  ns  ym  m  -  M  e  t  h  y  Id  iphe  ny  1  vin  y  1  ace  t  y  le  ny  le  thyl  e  n  e 
Glycol  (IV)  Through  Sodamidc  and  Liquid  Ammonia 

Into  a  flask  with  a  stirrer  w'as  placed  800  ml  of  liquid  ammonia,  a  small  amount  of  Fc(N03)3  added,  9  g 
of  sodium  was  then  gradually  introduced  in  small  pieces,  the  mixture  stirred  for  25  min,  and  a  stream  of  vinyl- 
acetylene  (50  ml)  passed  in.  After  the  vinylacetylene  had  been  added,  stirring  was  continued  for  a  further  30  min 
and  then  18  g  of  diphenylacetylcarbinol  (m.p.  65*)  in  absolute  ether  introduced  dropwise.  On  the  following  day 
the  reaction  mixture  was  decomposed  with  ice  and  cold,  very  dilute  sulfuric  acid.  The  eiher  layer  was  separated, 
washed  with  sodium  chloride  solution,  and  dried  with  sodium  sulfate;  the  ether  was  removed  to  leave  a  reddish- 
brown  liquid,  which  boiled  at  158-161*  (1  mm)  when  vacuum  distilled  and  cry'stallized  after  a  few  days.  It  had 
m.p.  53*  (from  ligroin).  Mixed  melting  points  with  the  starting  keto  alcohol  and  the  vinylacctyleiiic  glycol  (IV) 
synthesized  by  lotsich's  method  were  depressed. 

The  substance  obtained  reacted  vigorously  with  bromine  in  chloroform,  with  an  aqueous  solution  of  potassium 
permanganate,  and  witii  methylmagnesium  iodide;  it  did  not  give  reactions  for  a  carbonyl  group  with  2.4-dinitro- 
phenylhydrazme  and  semicarbazone. 

Found"/’:  C  87.45,  87.39;  H  6.38,  6.40;  Hact  0-78.  Number  of  Hact  2-02.  M  263.  CijHigO.  Calculated ‘/•t 
C  87.69;  H  6.15;  Hact  Number  of  Hact  2.  M  260. 

The  infrared  spectrum  contained  the  following  frequencies:  3400  (“OH).  3281  and  2114  (CHh  C”),  890 
(CHj  =  C  -  ).  1494  (-CH  =  CH-).  1603  and  705  (CeHg-)  cm'^ 

According  to  analysis  data,  the  substance  with  m.p.  53*  was  the  dienynic  alcohol  l,l-diphcnyl-2-methylhex- 
3-en-5-yn-l-ol  (VH). 

The  yield  was  13.8  g  (62.5*7o). 

4.  Action  of  Sodamidc  On  U  ns  y  m  m  -  Me  th  y  Id  iphe  nylvinylacetylenylethylene 
Glycol  (IV  ) 

To  sodamidc  in  liquid  ammonia,  prepared  as  in  the  previous  experiment  (see  3),  was  added  an  ether  solu¬ 
tion  of  8  g  of  glycol  (IV).  The  reaction  product  was  isolated  as  described  above.  We  obtained  a  thick  dark  liquid 
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which  boiled  at  134*  (2  mm)  with  strong  frothing  when  vacuum  distilled  and  solidified  in  the  receiver.  We  isolated 
2.7  g  of  a  substance  whose  2.4*dinitrophenylhydrazone  melted  at  236*  (from  glacial  acetic  acid)  and  did  not  depress 
the  melting  point  of  benzophenone  2,4-dinitxophenylhydrazone. 

Found  %  C  62.95;  H  4.04;  N  15.63,  15.55.  CJ9H14O4N4.  Calculated  C  62.98;  H  3.89;  N  15.46. 

The  benzophenone  yield  was  52‘7a 

SUMMARY 

1.  Unsymm-methyldiphenylvinylacetylenylethylene  glycol  (2-methyl- l,l-diphenylhex-5-en-3-yn-l,2-diol) 
was  synthesized  by  lotsich’s  method  and  it  was  found  that  the  action  of  hot  407o sulfuric  acid  on  it  formed  a  vinyl- 
acetylenic  ketone,  namely,  2-methyl-l,2-diphenylhex-5-en-3-yn-l-one.  Both  these  substances  were  synthesized 
for  the  first  time. 

2.  It  was  shown  that  in  attempting  the  synthesis  of  unsymm-methyldiphenylvinylacetylenylethylene  glycol 
through  sodamide  in  liquid  ammonia,  isomerization  and  dehydration  of  unsymm-methyldiphenylvinylacetylenyl- 
ethylene  glycol  occurred  to  form  a  dienynic  alcohol,  namely,  l,l-diphenyl-2-methylhex-3-en-5-yn-l-ol,  which 
has  not  been  described  in  the  literature. 

3.  It  was  observed  that  the  action  of  sodamide  in  liquid  ammonia  on  unsymm-methyldiphenylvinylacetyl- 
enylethylene  glycol  caused  its  decomposition  to  benzophenone  and  apparently  hexa-l,3-dien-5-yne. 
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REACTION  OF  DI  HA  LOC  A  RB  F.NES  WITH  TOLAN. 

SYNTHESIS  OF  P  H  E  N  Y  LC  Y  C  L  OPR  OP  E  N  O  N  E 

AND  DIPHENYLHYDROXYCYCLOPROPENYLIUM  SALTS* 

D.  N.  Kursanov,  M.  E.  Vol'pin,  and  Yu.  D.  Koreshkov 

Institute  of  Hetcroorganic  Compounds,  Academy  of  Sciences  of  the  USSR 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  2877-2884, 
September,  1960 

Original  article  submitted  September  18,  1959 


From  the  calculations  of  E.  Huckel  [2]  by  molecular  orbitals  it  may  be  predicted  that  the  system  of  the 
cyclopropenyliiim  cation  (I),  which  hrs  two  tt -electrons  in  a  field  of  three  carbon  atoms,  should  have  the  stability 
characteristic  of  aromatic  systems. 


(1)  00 


Later  quantum  mechanical  calculations  [3]  confirmed  that  the  conjugation  energy  of  the  cyclopropenylium 
cation  reaches  a  very  high  value  and  eqtials  28 . 

Breslow  [4,  5]  was  recently  able  to  prepare  the  first  representative  of  this  class  of  compound,  namely,  symm- 
triphcnylcyclopropenylium  salts  (II).  which  were  found  to  be  stable  substances.  On  the  basis  of  the  same  ideas, 
it  bright  be  expected  that  cyclopropenone  (HI)  should  show  a  characteristic  tendency  to  form  a  stable,  positively 
charged  system  (Ilia).  Thus,  in  this  respect  cyclopropenone  should  be  the  three- membered  analog  of  tropone 
(IV-IVa). 


(IVa) 


In  order  to  synthesize  the  cyclopropenone  system,  we  studied  the  reaction  of  dihalocarbenes  (CCI2  and 
CBr2)  with  a  triple  carbon"  carbon  bond.  It  was  recently  shown  [6]  that  the  reaction  of  haloforms  (CHCI3  ana 
CHBr3)  with  bases  forms  unstable  compounds  of  divalent  carbon,  namely,  dilialocarbenes. 

CIIBra  i-tert.  -CJlBOK-H-CBr^+KBr  +  tcrt.  -QlIgOH 

Dihalocarbenes  are  capable  of  reacting  a/ith  compounds  containing  an  ethylenic  double  bond  to  form  cyclo¬ 
propane- derivatives  [7]. 

In  analogy  with  this,  it  might  have  been  expected  that  the  reaction  of  dihalocarbenes  with  acetylene  com¬ 
pounds  would  yield  cyclopropene  derivatives,  though  there  are  no  reports  in  the  literature  on  the  possibility  of  a 


•See  [1]  for  preliminary  communication. 
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reaction  of  dilialocarbenes  with  an  acetylene  bond.  We  were  unable  to  obtain  a  cyclopropenc  derivative  by  the 
reaction  of  acetylene  and  phcnylacetylene  with  dibromocarbene.  However,  it  was  found  that  the  reaction  of 
dibromocarbene  and  dichlorocarbcne  with  a  disubstituted  acetylene,  namely,  tolan,  led.  after  hydrolysis,  to  di- 
phenylcyclopropenone  (V)in  28*yo  yield. 


CgHj—C— C“CjHj  ♦  CBrj' 
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\/ 
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The  reaction  evidently  proceeded  with  the  Intermediate  addition  of  dibromocarbene  to  the  triple  bond  of 
tolan.  It  may  be  imagined  that  the  dibromide  (VI)  formed  then  readily  exchanged  a  halogen  atom  for  an  alkoxyl 
group  by  reaction  with  excess  potassium  tert-butylate.  This  yielded  the  acetal  (VII),  whose  hydrolysis  gave  di- 
phenylcyclopropenone  (V). 

The  reaction  mechanism  proposed  is  in  agreement  with  the  fact  that  the  maximum  yield  of  diphenylcyclo- 
propenone  (V)  was  obtained  when  the  ratio  of  the  amounts  of  bromoform  and  potassium  tert-butylate  was  in  the 
range  of  1  :  2-1  :  3  and  when  a  slight  excess  of  tolan  was  used.  The  use  of  chloroform  instead  of  bromoform  in 
this  reaction  also  led  to  diphcnylcyclopropenone  in  24%  yield.  However,  diphenylcyclopropenone  was  not  formed 
in  the  presence  of  excess  chloroform. 


The  structure  of  diphenylcyclopropenone  was  confirmed  by  the  combination  of  its  physical  and  chemical 
properties.*  Thus,  the  presence  of  a  carbonyl  group  was  demonstrated  by  the  formation  of  a  2,4-dinitrophenyl- 
hydrazone.  Diphenylcyclopropenone  did  not  give  other  derivatives  through  the  carbonyl  group  (oxime,  semi- 
carbazone,  and  thiosemicarbazone)  and  this  was  apparently  connected  with  the  considerable  polarization  of  the 
carbonyl  group  as  illustrated  by  formula  (Va). 

The  polarization  of  the  carbonyl  group  is  also  indicated  by  the  anomalously  high  dipole  moment  of  di¬ 
phenylcyclopropenone,  which  equals  5.08  D  (in  benzene).  *  * 


The  infrared  spectrum  of  diphenylcyclopropenone  showed  two  intense  absorption  bands  in  the  region  of 
1640  and  1850  cm'^.  which  could  be  assigned  to  the  carbonyl  group  and  the  carbon- carbon  double  bond  in  the 
three -membered  ring. 

The  presence  of  the  double  bond  and  carbonyl  group  was  also  confirmed  by  hydrogenation  of  diphenyl¬ 
cyclopropenone.  When  hydrogenated  over  platinum  oxide  in  alcohol  in  tho  cold,  diphenylcyclopropenone  smooth¬ 
ly  absorbed  two  moles  of  H2  to  form  diphenylcyclopropanol.  The  same  compound  was  formed  by  reduction  of  di¬ 
phenylcyclopropenone  with  LiAlHi  both  at  ~  20®  and  at  -70®. 


The  very  great  ease  of  reduction  of  not  only  the  carbonyl  group,  but  also  the  double  bond  of  diphenylcyclo¬ 
propenone  by  lithium  aluminum  hydride  is  explained  by  the  attack  of  the  hydride  ion  on  the  positively  charged 
carbon  atoms  of  the  three-membered  ring. 


C.H 


CjHs 


«©  l-iAlH.  'CH 


(Va) 


CjHs 


In  this  connection  it  is  interesting  to  note  that  in  sterculic  acid  (Vlll),  the  double  bond  in  the  three-mem¬ 
bered  ring  is  not  reduced  by  LiAU^  [9]. 


•Diphenylcyclopropenone  was  also  obtained  recently  [8]  by  a  different  reaction,  namely,  by  the  reaction  of  phenyl- 
keten  dimethylacetal  with  benzal  chloride  and  potassium  tert-butylate;  it  was  identical  in  melting  point  and 
spectral  data  with  the  substance  we  obtained  fl]. 

•  *The  authors  would  like  to  take  this  opportunity  to  thank  Ya.  K.  Syrkin  and  A.  N.  Shidlovskaya  for  dctemiining 
the  dipole  moment  of  diphenylcyclopropenone. 
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CH  j-  (CH^V-COOH 

1\TJ) 

The  double  bond  in  ixopolone  is  reduced  by  LiAlIlj  [10],  which  is  also  connected  with  the  formation  of  a 
positively  charged  aromatic  system. 

The  same  reasons  also  account  for  the  cleavage  of  the  three -membered  ring  of  diphenylcyclopropenone  by 
10‘7<’KOH,  which  we  observed.  This  formed  the  salt  of  a, 0 -diphenylacrylic  acid  (IX). 
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It  seems  that  the  high  stability  of  diphenylcyclopropenone  cannot  be  explained  from  the  point  of  view  of 
the  strain  theory.  Thus,  the  high  strain  angle  in  cyclopropene  (total  of  ~  169*)  makes  this  compound  extremely 
uastable  and  reactive,  which  prevents  its  storage  even  at  “70*  [11,  12].  At  the  same  time,  the  strain  angle  in 
diphenylcyclopropenone  is  even  higher  and  equals  ~  180*.  Hovrever,  the  formation  of  the  aromatic  system  (Va) 
leads  to  a  sharp  increase  in  the  stability  of  diphenylcyclopropenone.  According  to  the  data  of  Breslow  et  al.  [8], 
diphenylcyclopropenone  loses  CO  only  at  130-140®. 

The  most  interesting  property  of  diphenylcyclopropenone  is  its  capacity  to  form  diphenylhydroxycyclo- 
propenylium  salts  (X)  under  the  action  of  acids.  Thus,  when  dry  hydrogen  chloride  or  bromide  was  passed  into  a 
solution  of  diphenylcyclopropenone  in  a  nonpolar  solvent,  a  diphenylhydroxycyclcpropcnylium  salt  precipitated. 
This  reaction  togethc^r  with  the  properties  examined  above  shows  the  deep  analogy  of  the  diphenylcyclopropenone 
system  with  tropone,  which  also  shows  a  tendency  to  form  the  aromatic  tropylium  system. 
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By  treatment  of  the  diphcnylhydroxycyclopropenyliurn  salt  (X)  with  an  aqueous  solution  of  NaHC03,  it  was 
possible  to  regenerate  the  starting  diphenylcyclopropenone. 

The  carbonyl  and  double  bond  aboorption  bands  (1640  and  1850  cm'^)  were  not  present  in  the  infrared  spec¬ 
trum  of  diphenylhydroxycyclopropcnylium  bromide.  This  agrees  with  the  ionic  structure  of  this  compound. 

Diphenylhydroxycyclopropenylium  bromide  was  insoluble  in  nonpolar  solvents,  but  soluble  in  polar  solvents; 
the  action  of  an  alcohol  solution  of  AgN03  immediately  yielded  a  precipitate  of  AgBr.  The  ionic  structure  of  di- 
phenylhydroxycyclopropcnylium  bromide  was  also  demonstrated  by  the  fact  that  it  dissolved  in  concentrated  sulfuric 
acid  with  the  liberation  of  HBr. 


EXPERIMENTAL 

Reaction  of  Dibromocarbene  with  Tolan 

a)  Into  a  tlirce-necked.  round- bottomed  flask,  fitted  with  a  stirrer,  reflux  condenser,  and  dropping  funnel, 
were  placed  33.6  g  of  potassium  tert-butylate  which  was  free  fro.m  tert-butanol,  and  13.8  g  of  tolan  in  150  ml  of 
anhydrous  n-heptane.  With  cooling  in  ice  and  vigorous  stirring,  25.3  g  of  dry  bromoform  was  added  dropwise  over 
a  period  of  1  hr.  Stirring  was  continued  at  ~20®  for  a  further  30  min  and  then  the  orange- yellow  reaction  mixture 
was  poured  iiuo  water.  The  organic  layer  was  separated,  the  aqueous  layer  extracted  with  benzene,  and  the  com¬ 
bined  extracts  were  washed  with  water  and  dried  with  MgS04.  The  benzene  “heptane  solution  was  treated  with 
dry  hydrogen  bromide  in  the  cold.  The  precipitate  of  diphcnylhydroxycyclopropenylium  bromide  was  collected, 
washed  with  absolute  benzene,  and  dried  in  vacuum.  The  yield  was  7.3  g  (28.3*70,  calculated  onCIIBrs). 
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b)  We  prepared  16.36  g  (28.5% on  CHBr3)  of  diphenylhydroxycyclopropenylium  bromide  by  the  general 
procedure  described  above  from  48.6  g  of  potassium  tert-butylate,  50.6  g  of  bromoform,  and  62  g  of  tolan  in 
400  ml  of  ligroin  (b.p.  57-62*). 

c)  The  reaction  of  11.13  g  of  bromoform  with  4.93  g  of  potassium  tert-butylate  in  the  presence  of  7.83  g  of 
tolan  in 50  ml  of  dry  ligroin  yielded  1.5  g  (13%  on  CHBr3)  of  diphenylhydroxycyclopropenylium  bromide. 

d)  The  reaction  of  25  g  of  tolan  with  18.58  g  of  potassium  tert-butylate  and  14.0  g  of  bromoform  in  200  ml 
of  absolute  benzene  yielded  4.4  g  (28% on  CHBr3)  of  dipheiiylhydroxypropenylium  bromide. 

Diphenylliydroxycyclopropenylium  bromide  dLssolved  readily  in  95%ethanol,  methanol,  and  acetone;  it 
dissolved  in  nitromethane,  acetonitrile,  and  hot  dioxane;  it  was  insoluble  in  water,  benzene,  ether,  ligroin,  and 
carbon  tetrachloride.  An  alcohol  solution  of  diphenylhydroxycyclopropenylium  bromide  formed  a  precipitate  of 
AgBr  when  treated  with  an  alcohol  solution  of  ARNO3.  An  alcohol  solution  of  H2PtCl6  did  not  precipitate  diphenyl- 
hydroxycyclopropenylium  hexachloroplatinate.  Diphenylhydroxycyclopropenylium  bromide  dissolved  in  cone. 

H2SO4  with  the  liberation  of  HBr;  on  standing  in  air,  it  added  1  molecule  of  water  to  form  the  monohydrate 
C^l302Br  with  m.p.  148.5-149"  (from  dioxane). 

Found  %  C  58.86,  58.88;  H  4.40.  4.35;  Br  26.40,  26.40.  CisHnOjBr.  Calculated  %,  C  59.03;  H  4.30; 

Br  26.29. 

Reaction  of  D  ichlorocarbene  with  Tolan 

a)  Into  a  three-necked,  round -bottomed  flask,  fitted  with  a  stirrer,  reflux  condenser,  and  dropping  funnel, 
were  placed  5.4  g  of  potassium  tert-butylate,  and  10.68  g  of  tolan  in  100  ml  of  absolute  ligroin.  With  cooling 
in  ice  and  vigorous  stirring.  1.8  g  of  dry  chloroform  in  8-10  ml  of  ligroin  was  added  dropwise  over  a  period  of 

1  hr.  Stirring  was  continued  for  a  further  30  min  at  room  temperature.  Treatment  of  the  reaction  mixture  anal¬ 
ogous  to  that  described  above  for  the  reaction  with  dibromocarbene  yielded  1.02  g  (24%.  calculated  on  CHCI3) 
of  diphenylhydroxycyclopropenylium  bromide. 

b)  Into  a  three -necked,  round- bottomed  flask,  fitted  with  a  stirrer,  reflux  condenser,  and  pear-shaped  flask 
with  an  outlet  for  the  gradual  addition  of  dry  substances,  was  placed  5.34  g  of  tolan  in  50  ml  of  dry  chloroform. 

With  stirring  and  cooling  in  ic3,  10.8  g  of  potassium  tert-butylate  was  gradually  added  over  a  period  of  1  hr.  Stirring 
was  continued  for  a  further  20  min  without  cooling  and  then  the  reaction  mixture  was  treated  in  the  flask  with  a 
small  amount  of  water.  The  organic  layer  was  separated,  the  aqueous  layer  extracted  with  benzene,  and  the  com¬ 
bined  extracts  were  dried  over  sodium  sulfate.  After  removal  of  part  of  the  solvent  in  vacuum,  the  dry  benzene- 
chloroform  solution  was  treated  with  dry  HBr,  A  precipitate  of  diphenylhydroxycyclopropenylium  bromide  was 

not  formed. 

An  analogous  experiment  with  26.7  g  of  tolan  in  50  ml  of  chloroform  and  5.6  g  of  potassium  tert-butylate 
did  not  yield  diphenylhydroxycyclopropenylium  bromide  either. 

Diphenylcyclopropenone 

A  solution  of  16.26  g  of  diphenylhydroxycyclopropcnylium  bromide  in  benzene  was  treated  with  sodium 
bicarbonate  solution  in  the  cold.  The  aqueous  layer  was  extracted  with  benzene  and  the  combined  benzene 
extracts  were  washed  with  water  to  a  neutral  reaction  and  dried  with  MgS04.  Removal  of  the  solvent  in  vacuum 
yielded  9.8  g  (83.6%)  of  diphenylcyclopropenone.  Recrystallization  from  ligroin  or  a  mixture  of  ligroin  and  benzene 
gave  colorless  needles  with  m.p.  121-121.5’  (corr.).  Ultraviolet  spectrum:  • 

Found  %  C  87.26,  87.26;  H  4,92,  5.00.  M  212.4,  203.2  (by  Beckmann's  method).  205.0  (precision 
ebullioscope).  C15H30O.  Calculated  C  87,36;  H  4.88.  M  206.3. 

Diphenylcyclopropenone  was  insoluble  in  water,  ether,  and  ligroin  (in  the  cold),  but  dissolved  in  95% ethanol, 
methanol,  nitromethane.  carbon  tetrachloride,  dioxane.  acetone,  chloroform,  acetonitrile,  and  ligroin  (with  heating). 

To  a  solution  of  diphenylcyclopropenone  in  anhydrous  ethanol  was  added  a  solution  of  2,4-dinittophcnyl- 
hydrazine  in  cone.  H2SO4,  diluted  with  anhydrous  ethanol.  On  standing,  the  solution  deposited  a  precipitate  of  a 
2,4-dinitTophenylhydrazonc  with  m.p.  248-249.5°  (from  a  mixture  of  nitromethane  and  alcohol). 
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Dipheiiylcyclopropcnonc  did  not  form  an  oxime,  seniicarbazonc,  or  thiosemicarbazone  with  the  usual 
procedures. 

Anhydrous  diphenylhydroxvcyclopropenylium  bromide-  A  0.16  g  sample  of  diphenylcyclopropenone  was 
dissolved  in  a  small  amount  of  absolute  benzene  and  treated  with  gaseous  hydrogen  bromide  dried  with  P2OS. 

The  precipitate  was  collected,  rapidly  washed  on  the  filler  with  anhydrous  benzene  and  then  anhydrous  pentane* 
and  dried  at  atmospheric  pressure  over  calcium  chloride  and  paraffin  with  subsequent  brief  drying  in  vacuum. 

More  prolonged  pumping  out  had  to  be  avoided  as  the  anhydrous  salt  readily  lost  HPr  in  vacuum.  We  obtained 
0.19  g  (81'7o)  of  anhydrous  diphenyllndroxycyclopropeny lium  bromide.  Further  purification  of  the  anhydrous  salt 
was  difficult  due  to  its  hygroscopic  nature  and  ready  elimination  of  HBr.  The  rap.  was  121-121.5*  (thermal  elim¬ 
ination  of  HBr). 

Found  C  63.20,  63.28;  H  4.04.  3.93;  Br  27.45,  27.31  [0.01  N  HgfNOalj].  CigHuOBr.  Calculated  % 

C  62.73;  11  3.87;  Br  27.83. 

Diphcnylltydroxycyclopropenylium  chloride.  A  solution  of  diphenylcyclopropenone  in  anhydrous  carbon 
tetrachloride  was  treated  with  dry  gaseous  hydrogen  chloride-  The  precipitate  of  diphenylhydroxycyclopropenylium 
chloride  was  insoluble  in  ether,  ligroin,  and  carbon  tetrachloride,  but  dissolved  in  96'7o ethanol  and  nitromethane. 
Diphcnylhydroxycyclopropcnylium  chloride  instantaneously  fonned  a  precipitate  of  AgCl  when  treated  with  an 
ethanol  solution  of  AgN03.  It  was  thermally  unstable  and  lost  HCl  when  heated  to  fonn  diphenylcyclopropenone 
with  m.p.  121-121.5". 

Cleavage  of  diphenylcyclopropenone  with  aqueous  alkali  solution.  A  0.22  g  sample  of  diphenylcyclopro- 
penonc  was  boil(!d  for  5  min  with.  25  ml  of  107f  potassium  hydroxide  solution.  The  cooled  reaction  mixture  was 
extracted  with  benzene  and  the  aqueous  layer  acidified  with  hydrcchloric  acid.  The  precipitate  was  washed  on 
the  filter  to  a  negative  reaction  for  chlorine  ion.  We  obtained  0.19  g  (86^70)  of  trans-a.S  -diphenylacrylic  acid 
with  m.p.  173.0-173.5"  (from  ligroin). 

Authentic  trans-  a,  ft  -diphenylaci/lic  acid  was  obtained  by  a  known  method  [13]  from  1.36  g  of  phenylacetic 
acid  and  106  g  of  bcnzaldeliyde  in  the  presence  of  1.00  g  of  triethylamine  in  6  g  of  acetic  anhydride.  The  yield 
was  O.C  g  (27'/\5)  and  the  m.p.  172.6-173.2"  (from  a  mixture  of  benzene  and  ligroin).  A  mixture  with  the  acid  ob¬ 
tained  from  diphenylcyclopropenone  had  m.p.  172-173". 

Hydrogenation  of  diph.enylcyclopropenone.  A  0.2267  g  sample  of  diphenylcyclopropenone  was  hydrogenated 
at  20"  and  745  mm  over  0.11  g  of  platinum  oxide  in  30  ml  of  ethanol.  The  hydrogenation  rate  fell  sharply  after 
.  the  absorption  of  61.75  ml  of  hydrogen,  which  indicates  the  absorption  of  two  moles  of  hydrogen  per  mole  of  di- 
phenylcyclopropanol  with  m.p.  32.7-33.2"  (from  alcohol). 

Found  “Ti  C  85.61;  85.77;  H  6.74.  6.77.  C15H14O.  Calculated  C  85.68;  H  6.71. 

The  substance  formed  a  3,5-dinitrobenzoate  vnth  m.p.  102.5-103.5*  (from  alcohol)  and  did  not  form  a 
2,4-tiinitrophenylhydrazone  or  dime-done  derivative.  The  infrared  spectrum  did  not  shovr  the  frequency  of  1840cm* 
but  there  was  strong  absorption  at  1090  and  1350  cm*^,  which  is  characteristic  of  secondary  alcohols. 

Reduction  of  diphenylcyclopropenone  with  lithium  aluminum  hydride.  With  vigorous  stirring  and  cooling 
in  a  mixture  of  dry  ice  and  acetone  ("70").  4  ml  of  an  ether  solution  of  L1AIH4  was  added  dropwisc  over  a  period 
of  30  min  to  0.46  g  of  diphenylcyclopropenone  suspended  hi  absolute  ether  and  the  diphenylcyclopropenone  pre¬ 
cipitate  thereupon  dissolved.  Stirring  was  continued  for  a  further  20  min  and  then  the  reaction  mixture  was  de¬ 
composed  by  pouring  onto  ice-  The  ether  layer  was  separated,  the  aqueous  layer  extracted  with  ether,  and  the 
combined  ether  extracts  were  dried  with  MgS04.  Removal  of  the  ether  yielded  about  0.5  g  of  an  oily  liquid,  which 
did  not  form  a  2,4-dinitrophenylhydrazone  or  dimedone  derivative.  The  same  substance  was  obtained  by  reduction 
of  diphenylcyclopropenone  with  LiAlH4  at  ~20*. 

The  3,5-dinitrobenzoate  of  the  product  from  the  reduction  of  diphenylcyclopropenone  with  LiAlF^  had 
m.p.  103.5-104.5"  and  did  not  depress  the  melting  point  of  the  3,5-dinitrobenzoate  of  the  product  from  hydrogen¬ 
ation  over  a  platinum  catalyst. 
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Reaction  of  Dibroinocarbene  with  Phenylacetylene 

a)  With  cooling  in  ice  and  vigorous  stirring,  11.2  g  of  potassium  tert-butylate,  which  was  free  from  tert- 
butanol,  was  gradually  added  over  a  period  of  ~3  hr  to  a  mixture  of  31.7  g  of  dry.  distilled  phenylacetylene  in 

50  ml  of  absolute  ligroin  and  75.9  g  of  dry  bromoform.  Strong  resinification  of  the  reaction  mixture  was  observed. 
Stirring  was  continued  for  another  hour  at~20*and  then  the  mixture  was  treated  as  described  above  for  the  reac¬ 
tion  of  dibromocarbene  with  tolan.  No  precipitate  of  phenylhydroxycyclopropenylium  bromide  was  formed  and 
this  was  apparently  connected  with  the  lability  of  the  acetylene  hydrogen  atom  in  an  alkaline  medium. 

b)  Into  a  three- necked  flask  were  placed  10.2  g  of  potassium  tert-butylate  and  39.4  g  of  phenylacetylene 
in  30  ml  of  absolute  ligroin.  With  cooling  in  ice  and  stirring.  22.77  g  of  bromoform  was  added  dropwise  over  a 
period  of  30  min.  Stirring  was  continued  for  a  further  30  min.  No  phenylhydroxycyclopropenylium  bromide  could 
be  isolated  by  subsequent  treatment  of  the  reaction  mixture. 

Reaction  of  Dibromocarbene  with  Acetylene 

Into  a  four- necked  flask  were  placed  22.4  g  of  potassium  tert-butylate  and  150  ml  of  absolute  ligroin. 

With  stirring  and  cooling,  into  the  reaction  mixture  was  passed  dry  acetylene  and  50.6  g  of  bromoform  was  added 
dropwise  over  a  period  of  1.5  hr;  strong  resinification  of  the  mixture  occurred.  The  stirring  and  passage  of  acetylene 
were  continued  for  a  further  1.5  hr  and  then  the  reaction  mixture  was  treated  in  the  usual  way  as  described  above; 
no  hydroxycyclopropenylium  bromide  could  be  isolated. 

SUMMARY 

1.  On  the  example  of  the  reaction  with  tolan,  it  was  established  that  dichloro-  and  dibromocarbenes  add 
to  a  triple  carbon”  carbon  bond  . 

2.  The  reaction  of  dihalocarbenes  with  tolan  yielded  diphenylcyclopropenone  and  diphenylhydroxycyclo- 
ptopenylium  salts. 

3.  The  properties  of  diphenylcyclopropenone  and  diphenylhydroxycyclopropenylium  salts  were  studied  and 
it  was  shown  that  there  is  a  strong  analogy  of  the  aromatic  system  of  diphenylcyclopropenone  with  tropene. 
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We  recently  described  the  reaction  of  tertiary  oxonium  salts  of  chromones  and  thiochromones  (for  exam¬ 
ple.  I)  with  compounds  containing  an  active  methyl  or  methylene  group  [1];  this  formed  unsymmetrical  dyes 
containing  ‘1-bcnzopyryliuin  or  4-benzothiopyrylium  residues  (for  example.  II).  As  the  scheme  presented  below 
shows,  this  reaction  occurs  as  a  result  of  replacement  of  the  mothoxyl  group  in  position  4  of  the  benzopyTylium 
salts  obtained  from  the  cliromoncs. 

In  the  present  work,  the  reaction  ol  tertiary  oxonium  salts  of  chromones  and  thiochromones  with  dialkyl- 
anilines  was  studied.  The  reaction  was  carried  out  in  acetic  anhydride  on  a  boiling  water  bath.  It  was  found  that 
in  all  the  cases  we  studied,  the  tertiary  oxonium  salts  of  chromones  and  thiochromones  reacted  with  dialkylanilines 
to  fonn  4-methoxy-  or  4-methylmercapto-4’ -dialkylaminotlavylium  salts  (for  example.  III). 
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Boiling  substance  (III)  with  pyridine  yielded  4’-dimethylaminoflavone  (IV),  which  was  found  to  be  identical 
with  the  product  we  isolated  after  alkylation  of  4'-aminofIavone  with  dimethyl  sulfate. 

Thus,  the  structure  of  the  condensation  products  of  tertiary  oxonium  salts  of  chromones  and  dialkylanilines 
ts-as  demonstrated  by  synthesis.  This  reaction  apparently  proceeds  through  the  same  stages  as  the  reaction  of 
flavylium  perchlorate  with  dimethylaniline.  which  is  described  in  the  literature  and  forms  4-(p-dimethylamino- 
phenyl)-flavylium  perchlorate  [2]. 

With  further  alkylation,  4'-dimethylaminoflavone  (IV)  was  converted  into  the  colorless  quaternary  ammonium 
salt  (V)  with  a  cation  isomeric  with  the  cation  of  salt  (III).  The  4-methoxy-4’'dimethylaminothioflavylium  salt 
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reacted  with  pyridine  analogously  to  salt  (HI)  and  this  yielded  4’-diniethylamino-l-thioflavone  (VI).  The  4- 
methylmercapto-4’-dimethylaminoflavylium  salt  did  not  react  with  pyridine. 
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The  compounds  obtained  by  condensation  of  tertiary  oxonium  salts  of  chromones  and  thiochromones  with 
dialkylanilines  and  the  absorption  maxima  of  their  alcohol  solutions  are  given  in  Table  1.  Literature  values  of 
the  absorption  maxima  of  4'-dimethylaminoflavylium  and  4-dimethylaminothioflavylium  perchlorates  (XIV  and 
XV)  are  given  in  the  same  table  for  comparison. 


In  addition  to  the  compounds  given  in  Table  1.  we  also  prepared  condensation  products  (XVI)  and  (XVII) 
from  the  tertiary  oxonium  salt  of  1  :  4- a,6 -naphthopyTone.  We  were  unable  to  isolate  analogous  products  from 
the  oxonium  salt  of  the  isomeric  1:4-6  ,a-naphthopyrone. 
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Alcohol  solution:,  of  all  tlie  'Jyes  obtained  v.'crc  stable  toward  acid:,  but  readily  decolorized  by  alkalis. 

As  the  values  of  the  absorption  maxima  given  in  Table  1  show,  all  the  4'-dialkylamlnonavylium  salts 
obtained  had  a  color  from  orange  to  red.  The  introduction  of  a  methoxyl  group  into  position  4  of  4*-dimetliyl' 
aminoflavylium  or  4’ -dimethylaminothioflavylium  perchlorate  displaced  the  absorption  maximum  toward  shorter 
wavelengths  by  44  mp  (XIV  and  Vll)  and  -'.S  rnp  (XV  and  XII).  respectively.  This  effect  of  the  methoxyl  group 
in  position  4  of  flavylium  salts  is  in  agreem.ent  with  Dewar's  conclusions  on  the  effect  of  substituents  on  the  ab¬ 
sorption  of  dyes  [.5].  The  methoxyl  group  is  an  electropositive  substituent  and  is  attached  to  an  even 
carbon  atom  from  the  hetero  atom  at  which  the  conjugation  chain  ends  (the  nitrogen  atom  of  the  dl- 
methylainino  group  in  the  given  case). 

In  the  presence  of  basic  condensing  agents,  tiie  4' -dimethylamino-4-methoxyflavylium  and  thioflavylium 
salts  readily  condensed  through  the  methoxyl  group  with  compounds  containing  an  active  methyl  or  methylene 
group.  For  example,  the  following  reaction  occurred  with  cyanoacetamide: 
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Compounds  (XIX -XXIII)  were  obtained  analogously.  The  absorption  maxima  of  their  alcohol  solutions  are 
given  together  with  the  formulas; 
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A  comparison  of  the  absorption  of  dye  (XXIII)  with  the  absorption  of  dye  (XXIV),  which  was  obtained  by 
condensation  of  the  eihyltosylate  of  2-fl -(o-methoxyphenyl)-propenylbenzthiazole  with  p-dimethylaminobenzal- 
dehyde  shows  that  ring  closure  of  part  of  the  dye  chromophore~the  vinylene  homolog  of  styrene  “to  a  benzo- 
pyranylidene  ting  heightens  the  color  of  the  dye. 

Dye  (XXin)  was  obtained  both  by  condensation  of  4-methoxy-  and  by  condensation  of  4-methylmetcapto- 
4'-dimethylaminoflavylium  salts  with  2  methylbenzthiazole  methyl  methosulfate.  It  was  shown  spectroscopically 
that  the  same  dye  was  formed  by  the  reaction  of  a  4-methyl-4’ -dimethylaminoflavylium  salt  with  2-methylmer- 
captobenzthiazole  methyl  methosulfate-  These  facts  confirm  the  accuracy  of  the  reaction  scheme  adopted. 

Thus.  4-methoxybenzopyrylium  salts  may  react  with  nucleophilic  reagents  in  two  ways.  There  is  either 
replacement  of  the  methoxyl  group  at  position  4  of  the  benzopyrylium  nucleus,  as  occurs,  for  example,  in  the 
above  reaction  for  the  preparation  of  the  monomethylcyanine  (ll).  or  there  is  condensation  and  simultaneous  dehy¬ 
drogenation  of  the  4  methoxybenzopyrylium  salt  at  position  2.  as  occurs  in  condensation  with  dialkylanilines. 

We  cannot  exclude  the  possibility  that  the  reason  for  the  condensation  of  oxonium  salts  of  chromones  with 
dialkylanilines  in  position  2  and  not  position  4  of  these  salts  is  the  fact  that  in  the  first  case  a  molecule  is  formed 
with  the  nuclei  coplanar  and  in  the  second  case,  steric  hindrance  of  the  same  type  as  in  a-phenylnaphthalene 
interferes  with  the  coplanar  arrangement  [7]. 


EXPERIMENTAL 

4-Alkoxy*  and  4-methylmercapto-4'-dialkylaminoflavylium  salts  (VII-XIII)  and  also  compounds  (XVI)  and 
(XVII)  were  obtained  by  the  follovving  standard  procedure:  0.002  mole  of  the  appropriate  benzopyrylium  salt  in 
the  form  of  the  o-nitrobenzenesulfonatc  [8]  was  heated  with  an  equimolecular  amount  of  dimethyl  or  diethyl- 
aniline  in  acetic  anhydride  on  a  boiling  water  bath.  The  dye  was  collected  by  filtration  of  the  cooled  mixture 
(if  the  dye  did  not  precipitate,  it  was  isolated  by  dilution  of  the  solution  with  ether)  and  converted  to  the  perchlo¬ 
rate  by  addition  of  a  methanol  solution  of  sodium  perchlorate  to  a  methanol  solution  of  it.  All  the  products  crys¬ 
tallized  from  methanol  as  needles  [dye  (IX)  crystallized  from  glacial  acetic  acid  as  needles].  In  recrystallization 
from  methanol,  the  solution  had  to  be  cooled  immediately  and  the  precipitated  product  collected  by  filtration  as 
the  substances  decomposed  if  the  methanol  solution  stood. 

The  4-(n-propoxy)- benzopyrylium  o-nitrobenzenesulfonate  required  for  the  preparation  of  dye  (DC)  was  ob¬ 
tained  by  heating  equimolecular  amounts  of  y-chromonc  and  n-propyl  o-nitrobcnzcnesulfonatc  [9]  on  a  boiling 
water  bath  for  45  min.  The  amounts  of  acetic  anhydride  used,  heating  times,  yields  of  compounds,  decomposition 
points,  color  of  crystals,  and  analysis  results  for  the  compounds  are  given  in  Table  2. 

4'-Dimethylaminoflavonc  (IV).  A  solution  of  0.723  g  of  4  mcthoxy-4' -duTiethylaminobcnzopyTylium  o- 
nitrobenzenesulfonate  in  2.5  ml  of  pyridine  was  boiled  for  3-5  min.  The  solution  was  cooled  and  diluted  witli  H2O. 
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The  precipitated  product  was  collected  by  filtration  and  washed  with  water  on  the  filter.  We  obtained  0.38  g 
(95.57‘>)  of  substance.  The  yellow  rhombohedra  had  m.p.  162-163*  (from  benzene). 

The  substance  was  readily  soluble  in  alcohol,  chloroform,  and  acetone,  moderately  so  in  benzene,  and 
insoluble  in  v/ater.  An  alcohol  solution  had  an  intense  green  and  a  chloroform  solution  a  blue- violet  fluorescence, 
^max  mp  in  alcohol  and  368  in/i  in  benzene. 

Found <yo;  N  5.30,  5.26.  CnHisOjN.  Calculated  N  5.28. 

Trimethyl -{4- (chromonyl- 2’ )- phenyl]- ammonium  perchlorate  (V).  A  mixture  of  0.266  g  of  substance  (IV) 
and  0.19  g  of  dimethyl  sulfate  was  licated  for  15  min  on  an  oil  bath  at  150-160*.  After  being  washed  with  benzene 
and  ether,  the  ammonium  salt  was  converted  into  the  perchlorate  by  the  addition  of  sodium  perchlorate  to  an 
aqueous  solution  of  it.  The  yield  was  close  to  quantitative.  The  product  was  freed  from  dye  (Vll)by  boiling  an 
aqueous  solution  of  it  with  animal  charcoal  and  recrystallizing  it  successively  from  water  and  alcohol.  The  color¬ 
less  platelets  had  decomp.  p.  284-286*  and  ^niax  (in  ethanol). 

Found  <7^  Cl  9.04.  9.14.  CigHisOgNCl.  Calculated  Cl  9.35. 

4’-Dimethylaminothioflavone  (VI)  was  obtained  analogously  to  (IV)  from  4-methoxy-4'-dimcThylamino- 
thiobenzopyrylium  o-nitrobenzenesulionate.  The  yield  was  The  yellow  needles  had  m.p.  176*  (from  ethanol). 
In  contrast  to  substance (IV), solutions  of  (VI)  hardly  fluoresced;  X^ax  39'^  nifi  (in  ethanol). 

Found  let,  S  11.23,  11.26.  C17H15ONS.  Calculated  ^ict,  S  11.39. 

Alkylation  of  4*-aminoflavone.  A  mixture  of  1,18  g  of  4' -aminoflavone  [10]  and  2.5  ml  of  dimethyl  sulfate 
in  5  ml  of  chloroform  was  stirred  vigorously  for  6  hr  with  2.5  g  of  sodium  bicarbonate  in  5  ml  of  water  at  30-34*. 
The  mixture  was  then  heated  to  50-60*  for  10  min  and  then  the  chloroform  removed  in  a  few  minutes  in  a  water- 
pump  vacuum.  To  the  flask  were  successively  added  20  m,l  of  water  and  25  ml  of  2%  sodium  hydroxide  solution. 
The  precipitated  product  was  collected  by  filtration  and  then  boiled  for  3-5  min  in  5  ml  of  pyridine  (to  decompose 
the  oxonium  salt  that  partly  formed).  The  cooled  solution  was  diluted  with  water  and  the  precipitated  product 
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collected  by  filtration  and  dried.  The  0.76  g  of  substances  obtained  had  an  indefinite  melting  point  of  180-184* 
and  \N’ere  realkylatcd  analogously  (the  amounts  of  reagents  and  solvent  were  a  factor  of  two  less).  At  the  end  of 
the  reaction,  the  whole  of  the  solid  dissolved  to  give  an  intense  orange-red  solution.  On  neutralization  of  the 
solution  with  27'^ alkali.  0.07  g  of  stibstance  remained.  It  was  treated  with  pyridine  as  described  above.  The 
m.p.  was  162- 1C  r  (from  benzene).  A  mi.xed  melting  point  with  the  4'-  dimetliylaminoflavone  obtained  above 
was  not  depressed:  ethanol). 

The  addition  of  sodium  perchlorate  to  the  aqueous  solution  (after  separation  of  the  4’ -diinethylaminoflavonc) 
yielded  0..'1  g  of  substance,  which,  after  the  purification  given  for  compound  (V),  was  found  to  be  identical  with 
the  latter  [decomp.  p.  284-286*.  \  289  mg  (in  ethanol)]. 

Compounds  (XVIII-XXI)  and  (XXIII)  were  obtained  by  the  following  general  procedure.  A  solution  of 
0.0001  mole  of  4-methoxy-4’ -dimcthylaminoflavyliuin  o-nitrobcnzeiiesulfonate  (III),  0.00012  mole  of  the  com¬ 
pound  with  an  active  methyl  or  methylene  group,  and  0.2  g  of  aniiydrous  sodium  acetate  in  10  ml  of  anhydrous 
ethanol  was  boiled  for  3  min. 

The  precipitated  dye  was  separated  from  the  solution  after  cooling  by  filtration  and  recrystallized  [the  solu¬ 
tion  was  diluted  with  water  for  the  isolation  of  (XX)].  The  salt- like  dyes  (XXI)  and  (XXIII)  were  first  converted 
into  the  perchlorate  and  iodide  by  the  addition  to  their  methanol  solutions  of  methanol  solutions  of  sodium  perchlo¬ 
rate  and  sodium  iodide,  respectively.  All  the  substances,  with  the  e.xception  of  (XVIII),  had  a  characteristic 
metallic  luster. 

The  starting  materials  with  an  active  methyl  or  methylene  group  which  were  condensed  with  substance  (III), 
the  solvents  \ised  for  recrystallization,  and  the  characteristics  of  the  compotmds  obtained  arc  given  in  Table  3. 

w- [2’  - (p-  Dime thylain inophcnyl )- benzoth\ip)Tanylidene - 4’ ]- 2- methylbcnzthiazole  ethiodidc  (XXII),  A 
mixture  of  0.25  g  of  4-meilioxy-4* -dimeihylaminothiofiavylium  o-niirobenzencsulfonate,  0.26  g  of  2-methyl- 
beiiztliiazole  cthyltosylatc.  3  ml  of  pyridine,  and  0.5  ml  of  acetic  anhydride  was  heated  on  a  boiling  water  bath 
for  20  min.  The  proJuct  which  separated  when  the  mixture  was  cooled  was  collected  and  converted  to  the  iodide 
by  tile  audition  to  its  methanol  solution  of  a  methanol  solution  of  potassium  iodide.  Recrystallization  from  acetic 
anhydride  yielded  very  fine  fibers  with  a  bronze  tint.  The  weight  of  the  substance  was  0.22  g  (73*70)  and  the  m.p, 
246-247*. 

Found  7:  I  23.46.  23.59.  C^7H25N2S2I.  Calculated  I  23.69. 

2-[4’-(p- Dime thylam inophenyl)- 2’ - (o- me thoxyphcnyl)- 1* .3’ - butadicn- 1' - yl]- 3-ethylbcnzthiazolium  per- 
chlorate  (XXIV).  A  mixture  of  0.962  g  of  2-B  - (o-mcihoxyphenyl)-propenylbcnzthiazole  ethyltosylatc,  whichwas 
obtained  (by  the  procedure  developed  by  I.  K.  Ush.enko  [11])  by  condensation  of  2- methylbcnzthiazole  cthyltosylatc 
with  o-meihoxyacetophenonc  [12],  and  0.372  g  of  p-dimcthylaminobcnzalJehydc  in  5  ml  of  acetic  anhydride  was 
heated  for  30  min  on  an  oil  bath  at  140-145*.  The  dye  which  separated  when  the  mixture  was  cooled  was  collected 
by  filtration  (yield  0.48  g).  The  substance  was  found  to  be  2-(p-dimcthylamiriOstyryl)-bcnzthiazoleethyltosylate. 
The  mother  liquor  was  diluted  with  ether  and  the  product  libeiated  was  chromatographed  on  alumina  as  a  chloro¬ 
form  solution.  The  blue  zone  was  separated  mechanically  and  the  dye  eluted  from  it  with  methanol  and  converted 
into  the  perchlorate  by  addition  to  its  methanol  solution  of  a  methanol  solution  of  sodium  perchlorate.  Recrystalliza 
lion  from  methanol  yielded  0.09  g  (8/j)  of  substance.  The  dark-green  crystals  with  a  metallic  luster  had  decomp. 

p.  260*. 

Found  Cl  6.48.  6.56.  CzsIlzoOsNoSCl.  Calculated  ^c:  Cl  6.57. 

SUMMARY 

It  was  shown  that  the  tertiary  oxonium  salts  of  chromones  and  thiochromones  react  with  dialkylanilines  to 
form  4-alkoxy-  or  4-methylmercapto-4'-dialkylaminoflavylium  salts.  These  flavylium  salts  readily  condense 
through  their  alkoxyl  or  methylmercapto  groups  with  compounds  containing  an  active  methyl  or  methylene  group 
to  form  dyes. 
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Among  tertiary  benzopyrylium  salts,  the  reaction  of  only  flavylium  salts  with  nucleophilic  agents  has  been 
studied.  It  was  shown  that  flavylium  salts  react  with  nucleophilic  agents  to  form  substituted  flavcnes  [1].  The 
behavior  of  benzof  pylium  salts  without  substituents  in  position  2  toward  nucleophilic  agents  has  not  been  studied 
up  to  now. 

We  showed  [2]  that  4-methoxybcn7.opyrylium  and  4*methoxybcnzothiop\Tylium  salts  may  be  obtained  readily 
by  alkylation  of  chromones  and  thiochromones  with  methyl  o-nitrobenzencsulfonate.  It  was  shown  that  the  reaction 
of  these  compounds  with  quaternary  salts  of  nitrogen  hcterocycles  containing  active  methyl  groups  in  the  presence 
of  basic  condensing  agents  yields  unsymmctrical  mcnomethynecyanines  containing  benzopyrylium  or  benzothio- 
pyTylium  nuclei  (for  example,  I)  [3]. 

In  the  present  work,  the  reaction  of  these  pyrylocyanines  with  quaternary  salts  of  nitrogen  heterocycles  con¬ 
taining  active  methyl  groups  was  studied.  These  nucleophilic  agents  were  chosen  for  the  work  as  we  wished  to 
develop  a  new  method  of  synthesizing  polymethyne  dyes. 


It  was  found  that  monomethynecyanines  of  type  (I)  react  with  2-methylbenzthiazole  ethotosylatc  according 
to  the  equation: 

II  \  \  I  II  V 


\. 


0  + 


G-CH3 


H  o-NOaCel^SOa 
(la)  U  =  CHj,  (Ib)  n=:C,H,. 


N- 


C2II5  p- Cn.-iCelUSOa 


/X 


-on 


C-CH=C— CH=CM-CI|:=C 


/  II  1 


-fp-CHaCelliSOaH. 


R  0-NO2C6II4SO3 
{IIa)K  =  CHj.  (Ilb)H  =  C,IL. 


Calls 


In  the  reaction  there  occurs  rupture  of  the  bond  between  the  oxygen  and  carbon  atoms  of  the  pyrylium  ring 
and  the  addition  of  the  quaternary  salt  of  2-methylbenzthiazole  at  the  position  of  rupture  of  this  bond.  As  a  result, 
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thiadicarbocyanines  containing  o-hydroxyphenyl  groups  as  substituents  in  the  polymethyne  chain  are 
formed. 


Quaternary  salts  of  other  nitrogen  heterocycles  react  with  pyrylocyanines  of  type  (I)  analogously  to  2- 
methylbenzthiazole  ethotosylate.  The  reaction  was  carried  out  by  briefly  heating  the  components  in  alcohol  in 
the  presence  of  anhydrous  sodium  acetate.  The  dyes  were  formed  in  high  yields. 

The  fact  that  the  above  reaction  formed  dyes  with  structure  (H)  was  demonstrated  by  synthesis.  By  the 
action  of  aqueous  alkali,  dicarbocyanine  (lie)  was  converted  into  the  betaine  (III),  which  was  converted  into  the 
dye  (IV)  by  the  action  of  dimethyl  sulfate  and  alkali.  The  same  dicarbocyanine  (IV)  was  obtained  by  the  method 
developed  by  N.  N.  Sveshnikov  [4]  by  condensation  of  2-0 -(o-methoxyphenyl)-propenylbenzthiazole  ethotosylate 
[5]  with  2-formylmethyIene-3-methylbenzthiazoline. 
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\  I 
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KOH 
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\  I 
G— GH=G— GI1=G11-G11=C 


/  II  I 


G2H5  C2H5  (1^)  ^max  mil*. 

Dicarbocyanines  (Va)  and  (Vb)  were  also  obtained  from  dye  (Ed)  (Table  1). 


I 

G2H5 


GH3  r  GjHr, 

(Va)  R  =  CHj,  ^tnax 
(Vb)  H  =  C,II|,  ^max 


•All  the  absorption  maxima  refer  to  alcohol  solutions. 
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If  the  conclcnsatica  of  the  p)rylocyaninc  and  quaternary  salt  of  the  nitrogen  heterocycle  was  carried  out  In 
a  mixture  of  acetic  anhydride  and  pyridine  instead  of  alcohol,  the  dye  initially  formed  was  acetylated  at  the  hy¬ 
droxyl  group,  for  example: 


o^N^y  \ 

''V  \N 


^  S 

\==/  /V  \ 

n  Clla  (C!I,C0).0 


'6  + 


CJIjN 


N' 


CHa  O-N02C6H4S03 
(VI) 


CjHr,  p-Cn3C8H4S03 


J-OCOCHa 


o,n-,-^YN  Y‘  ' 

C=CH-C=CI1-CH=CH-C  I 

V\n/ 


cHs  r 

(\II)  ^msx  jnti. 


C2H 


2"5 


Monomethynecyanines  containing  naphthop>Tylium  nuclei  (Vni)  reacted  with  quaternary  salts  of  nitrogen 
heterocycles  analogously  to  monomethynecyanines  containing  benzopyrylium  nuclei.  This  formed  dicarbocyanines 
with  l-hydroxy-2- naphthyl  residues  in  the  chromophore  (DC). 


y\/ 

1 1,. 


\  \_/ 

C-CH=<^  '5 


c _ 


1  C-CH, 

yAS/' 


CH3  o-N02CeH4SOa 
(VIII) 


C2H5  p-CHaCeHiSOa 


/V/ 

c  IJ-OH  s 

fY  \  Y  /  Y^ 
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CH3 


CIO4 


CoH 


2nj 


^max  669  m|i. 


Similar  conversions  also  occurred  with  pyrylocyanincs  containing  bcnzothiop)Tylium  nuclei  (X).  In  this 
case  the  reaction  was  canied  out  in  a  mixture  of  acetic  anhydride  and  pjTidine.  This  yielded  dyes  with  o-acetyl- 
mercaptophenyl  substituents  (XIa). 
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Absorption  maximum, m 


TABLE  1  (Cont’d.) 


bsorption  maximum  .mp 


/X  /S.  l^,J-SC0CIf3  ^ 
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It  should  be  noted  that  monomethync cyanines  con¬ 
taining  benzothiop)Tylium  nuclei' reacted  with  somewhat 
more  difficulty  than  monomethynecyanine?  containing 
benzop)Tylium  nuclei.  Dye  (X)  did  not  react  with  quater¬ 
nary  salts  at  all  in  alcohol,  but  reacted  only  in  a  mixture 
of  acetic  anhydride  and  pyridine  with  an  excess  of  the 
latter. 

The  dicarbocyanines  obtained  by  the  reaction  de¬ 
scribed  (apart  from  those  mentioned  above)  and  also  their 
absorption  maxima  in  neutral  alcohol  solutions  (Xj)  and 
in  an  alcohol  solution  of  potassium  hydroxide  (X2)  are  given 
in  Table  1.  The  absorption  maxima  of  the  thiadicarbo- 
cyaninc  containing  a  phenyl  group  as  the  substituent  in 
position  9  (XXII)  and  the  thiadicarbocyanine  without  a 
substituent  in  the  chromophore  (XXIII),  which  have  been 
described  in  the  literature,  are  given  for  comparison. 

A  comparison  of  the  absorption  maxima  of  the 
thiadicarbocyanines  (Ild),  (IV),  (XVI),  (IX),  and  (Xlb), 
containing  various  aryl  groups  in  position  9  of  the  chromo¬ 
phore,  with  the  absorption  maximum  of  the  dicarbocyanine 
(XXII),  which  cojitains  a  phenyl  group  in  the  same  position 
in  the  chromophore,  sliows  that  a  change  in  this  substituent 
has  little  effect  on  the  absorption  spectrum  of  the  dye.  As 
in  9- aryl  derivatives  of  thiacarbocyanines,  the  aryl  rings 
apparently  lie  perpendicular  to  the  plane  of  the  dye  mole¬ 
cule  in  9- aryl  derivatives  of  thiadicarbocyanines.  However, 
in  the  presence  of  alkali,  the  absorption  maximum  is  dis¬ 
placed  toward  shorter  wavelengths  with  9-(o-hydroxyphenyl) 
and  9-(l-hydroxynaphihyl-2)  derivatives  of  dicarbocyanines 
in  contrast  to  the  9'o-hydroxyphcnyl  derivative  of  thiadi- 
carbocyaninc  [5J.  Due  to  the  conjugation  energy,  such  a 
strong  electropositive  substituent  as  a  phenolate  residue  is 
evidently  coplanar  or  almost  coplanar  with  the  heterocyclic 
nuclei.  An  analogous  phenomenon  was  observed  by  A.  I. 
Kiprianov  and  V.  A.  Shtubovich  with  2-phenylbenzoxazole 
derivatives.  According  to  the  data  of  these  authors,  in  con¬ 
trast  to  the  molecule  of  a  quaternary  salt  of  2-phenyl¬ 
benzoxazole,  the  molecule  of  a  quaternary  salt  of  2-p-di- 
methylaminophenylbcnzoxazolc  is  planar  [8J.  As  is  shown 
by  the  data  in  Table  1,  the  effect  of  the  phenolate  residue 
increases  with  a  decrease  in  the  basicity  of  the  heterocyclic 
nucleus  Y  in  the  dicarbocyanine  molecule.  It  is  probable 
that  this  is  connected  with  an  increase  in  the  conjugation 
of  the  phenolate  group. 
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The  absorption  maximum  of  the  dye  (XVIIb)  (615  mp  )  lies  at  shorter  wavelengths  than  the  absorption 
maxima  of  the  symmetrical  dicarbocyanines  formed  from  the  same  nuclei  (the  absorption  maximum  of  sym¬ 
metrical  flavylopentamethynecyanine  is  at  812  mp  [9]  and  that  of  the  symmetrical  dicarbocyanine  at  652  mp  ). 
The  reason  for  this  is  undoubtedly  the  great  difference  in  the  basicity  of  the  benzthiazole  and  flavylium  nuclei. 

It  is  interesting  to  note  that  acetylation  of  the  hydroxyl  group  in  9-(o-hydroxyphenyl)-  flavylothiadicar- 
bocyaninc  produces  a  hypsochromic  shift  in  the  absorption  maximum  of  13  mp  (dyes  XVII a  and  XVIIb),  which 
indicates  that  in  contrast  to  9-arylthiadicarbocyanincs.  the  aryl  groups  in  9-aryinavylothiadicarbocyanines 
participate  in  the  conjugation. 


EXPERIMENTAL 

The  dicarbocyanines  (II  c).  (II d),  (IX).  (XII).  (Xni),  (XIV),  (XV).  and  (XVIII)  were  prepared  by  the  fol¬ 
lowing  standard  method  :  0.001  mole  of  monomethynecyanine  containing  a  benzopyrylium  or  naphthopyrylium 
residue,  0.0013  mole  of  quaternary  salt  containing  an  active  methyl  group,  and  0.1  g  of  anhydrous  sodium  acetate 
were  heated  in  anhydrous  ethanol  on  a  water  bath  for  a  few  minutes  (in  the  synthesis  of  dyes  (IX)  and  (XVIII), 

0.2  g  of  sodium  acetate  and  15  ml  of  ethanol  were  used].  The  dye,  which  precipitated  from  the  cooled  mixture 
(if  the  dye  did  not  precipitate,  the  solution  was  diluted  with  water),  was  collected  by  filtration  and  washed  on  the 
filter  successively  with  water,  alcohol,  benzene,  and  ether.  The  substance  was  converted  into  the  perchlorate  or 
iodide  by  addition  to  a  hot  methanol  solution  of  it  of  a  methanol  solution  of  sodium  perchlorate  or  sodium  iodide. 
All  the  dicarbocyanines  listed  above  were  recrystallized  from  methanol.  As  a  rule,  the  dyes  formed  green  crystals 
with  a  characteristic  metallic  luster.  The  starting  materials,  heating  time,  and  characteristics  of  the  dyes  obtained 
are  given  in  Table  2. 

3,3-Diethyl-9-(o-methoxyphenyl)-thiadicarbocyanine  iodide  (IV).  a)  A  mixture  of  1.2  g  of  dicarbo¬ 
cyanine  (Ilb),  0.5  g  of  potassium  hydroxide,  10  ml  of  water,  and  10  ml  of  benzene  was  shaken  in  a  tube  for 
10  min.  The  benzene  layer  was  separated  and  the  aqueous  layer  shaken  successively  with  two  fresh  portions  of 
benzene.  The  combined  benzene  extracts  were  washed  with  water  in  a  separatory  funnel,  the  solution  was  filtered, 
and  the  benzene  removed  on  a  water  bath.  We  obtained  0.845  g  (80*70)  of  anhydro  base  (III)  in  the  form  of  a  green¬ 
ish-yellow  substance  with  m.p.  92-94*. 

To  a  mechanically  stirred  suspension  of  0.64  g  of  substance  (III)  in  10  ml  of  methanol  at  40*  was  added 

l. 7  g  of  dimethyl  sulfate  and  12  ml  of  a  l^o  aqueous  solution  of  potassium  hydroxide  (in  10  portions)  over  a  period 
of  2  hr.  The  mixture  was  then  heated  for  another  nour  at  the  same  temperature.  The  precipitated  dye  was  col¬ 
lected  by  filtration  and  converted  into  the  iodide  by  addition  to  its  methanol  solution  of  a  methanol  solution  of 
sodium  iodide.  Recrystallization  from  ethanol  yielded  0.37  g  of  dye  (45%).  The  lustrous  green  prisms  had 

m. p.  175-176*. 

Found  %  I  20.55,  20.22.  CaoHjgONzSjI.  Calculated  %.  I  20.35. 

b)  A  mixture  of  0.962  g  of  2-[B  -(o-methoxyphenyl)-]-propenylbenzthiazole  ethotosylate  and  0.45  g  of 
2-formylmethylene-3-methylbenzthiazole  was  dissolved  in  4  ml  of  anhydrous  pyridine  with  heating  on  a  water 
bath.  The  solution  was  cooled  to  room  temperature,  0.4  ml  of  acetic  anhydride  added,  and  the  solution  heated 
for  3  min  on  a  boiling  water  bath.  The  cooled  mixture  was  diluted  with  ether.  The  precipitated  product  was 
chromatographed  as  a  chloroform  solution  on  alumina.  The  lower  blue  zone  was  separated  mechanically  from 
the  upper  crimson  zone.  The  dye  was  eluted  with  methanol  and  converted  into  the  iodide.  We  obtained  0.2  g 
(16%)  of  dicarbocyanine.  After  recrystallization  from  ethanol,  it  formed  lustrous  green  prisms  with  m.p.  175-176*. 
A  mixed  melting  point  with  substance  (IV),  which  was  obtained  above,  was  not  depressed. 

Found  %»  I  20.29,  20.51.  C30H29ON2S2I.  Calculated  %:  I  20.35. 

We  isolated  0.19  g  of  dye  from  the  crimson  zone  by  an  analogous  method  and  this  was  found  to  be  a 
thiacarbocyanine. 

3-Mcthyl-3*-  ethyl-9-(o-mcthoxyphenyl)-thiadicarbocyaninc  iodide  (Va)  was  obtained  analogously  from 
(Ila).  The  anhydro  base,  which  was  a  yellow  amorphous  substance  that  turned  blue  in  air.  was  obtained  in  91% 
yield.  The  m.p.  was  178*. 

Found  %;  S  13.75,  13.64.  C28H24ON2S2.  Calculated  %  S  13.67. 
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The  dye  was  obtained  in  41%  yield.  The  decomp.  p.  was  226*. 

Found  I  20.68,  20.86.  CaHjyONjSjI.  Calculated  %  I  20.82. 

3-Methyl-3’-ethyl“9-(o-ethoxyphenyl)-thIadicarbocyanine  iodide  (Vb)  was  obtained  by  alkylation  of  the 
anhydro  base  (obtained  from  II a),  under  conditions  analogous  to  the  preparation  of  substance  (IV).  A  0.32  g 
sample  of  anhydro  base  in  7  ml  of  methanol  was  alkylated  with  1  g  of  diethyl  sulfate  in  the  presence  of  6  ml 
of  l%potassium  hydroxide.  The  mixture  was  stirred  for  a  further  3  hr  after  the  addition  of  the  diethyl  sulfate. 

The  dye  was  obtained  in  an  analytically  pure  state  without  recrystallization.  The  yield  was  0.16  g  (37.57o).  The 
^een  crystals  with  a  metallic  luster  had  m.p.  165-166*. 

Found  %.  I  20.10,  20.45.  CaoHzgONaSjI.  Calculated  %  I  20.35. 

3,3-Diethyl-9-(o-acetoxyphenyl)-thiadicarbocyanine  iodide  (XVI).  A  mixture  of  0.508  g  of  2-[(y-benzo- 
pyranylidene)- methyl]- benzthiazole  etho-o-nitrobenzenesulfonate  (Ib)  and  0.45  g  of  2-methylbenzthiazole 
ethotosylate  in  4  ml  of  acetic  anhydride  and  1  ml  of  pyridine  was  heated  for  3  min  on  a  boiling  water  bath. 

The  oily  product  liberated  when  the  cooled  mixture  diluted  with  ether  was  converted  into  the  perchlorate  by  the 
addition  of  a  methanol  solution  of  sodium  perchlorate  to  a  hot  methanol  solution  of  the  oil.  We  obtained  0.38  g 
(61%)  of  dye.  After  recrystallization  from  methanol,  the  lustrous  green  platelets  had  decomp.  p.  207*. 

Found  %  S  10.41.  10.44.  CaiHjgOgNzSjCl.  Calculated  %  S  10.23. 

3-Methyl-3*-ethyl-9-(o-acetoxyphenyl)-6-nitrothiadicarbocyanine  iodide  (VII)  was  obtained  under 
analogous  conditions  from  2-[()' -benzopyranylidene)-methyl]-6-nitrobenzthiazole  metho-o-nitrobenzcnesul- 
fonate  [3]  (VI)  and  2-methylbenzthiazole  ethotosylate.  The  dye  was  converted  into  the  iodide  by  the  addition 
of  a  methanol  solution  of  sodium  iodide  to  a  methanol  solution  of  the  dye.  The  yield  was  57%.  The  lustrous 
green  leaflets  had  decomp.  p.  206*. 

Found  %  I  18.62,  18.83.  C3oH2604N3S2l.  Calculated  %  I  18.59. 

(3-Ethylbenzthiazole -  2)- (2’  - phenylbenzo- y  - pyran- 4’ )- 11- (o-hydroxyphenyl)- dicarbocyanine  perchlorate 
(XVn  a).  A  mixture  of  0.18  g  of  (4-flavylo)-(4’-benzopyrylo)-monomethynecyanine  perchlorate  [3],  0.18  g  of 
2-methylbenzthiazole  ethotosylate,  0.04  g  of  anhydrous  sodium  acetate,  and  4  ml  of  anhydrous  ethanol  was 
heated  for  5  min  on  a  boiling  water  bath.  The  cooled  mixture  was  diluted  with  water.  The  product  liberated 
was  collected  by  filtration  and  washed  on  the  filter  with  water,  alcohol,  and  ether.  The  dye  was  dissolved  in 
methanol  and  a  methanol  solution  of  sodium  perchlorate  added  to  the  solution  obtained.  The  precipitated  di¬ 
carbocyanine  was  collected  and  washed  on  the  filter  with  alcohol,  water,  alcohol  again,  and  ether.  We  obtained 
0.18  g  (71.5%)  of  substance.  The  dark-green  lustrous  crystals  had  decomp.  p.  221-222*. 

Found  %  Cl  5.87,  5.77.  OsrJljgOeNSCl.  Calculated  %  Cl  5.67. 

(3-Ethylbenzthiazole -2)- (2*- phenylbenzo-y  -  pyran- 4*  )-ll-(o-acetoxyphenyl)-dicarboxycyanine  perchlorate 
(XVIIb)  was  obtained  by  heating  0.22  g  of  (4-flavylo)-(4'-benzopyrylo)-monomethynecyanine  perchlorate  and 
0.2  g  of  2-methylbenzthiazole  ethotosylate  in  10  ml  of  acetic  anhydride  on  a  boiling  water  bath  for  1  hr.  The 
rest  of  the  experiment  was  analogous  to  the  previous  one.  The  dye  yield  was  0.1  g(30g).  Recrystallization  from 
methanol  gave  long  dark-green  lustrous  prisms  with  m.p.  175®. 

Found  %  Cl  5.30,  5.47.  CjtHjoO/NSCI.  Calculated  %  Cl  5.31. 

3,3' -Dimethyl- 9- (o-acetylmercaptophenyl)-thiadicarbocyanine  iodide  (XI a).  A  mixture  of  0.51  g  of 
(2- [y -benzothiop)Tanylidene)- methyl] -benzthiazole  metho-o-nitrobenzenesulfonate  (X)[3]  and  0.55  g  of  2- 
methylbcnzthiazole  methyl  niethosuifate  in  4  ml  of  acetic  anhydride  was  heated  on  a  water  bath,  4.2  ml  of 
pyridine  added,  and  heating  continued  for  a  further  2  min.  The  mixture  was  immediately  cooled  and  diluted 
with  ether.  The  dye,  which  precipitated  as  a  viscous  mass,  was  washed  with  benzene  and  ether  and  treated  with 
an  alcohol  solution  of  potassium  iodide.  The  iodide  formed  was  collected  by  filtration  and  washed  on  the  filter 
with  hot  methanol  until  the  filtrate  had  a  pure  blue  color.  Recrystallization  from  methanol  yielded  0.38  g 
(59.5%)  of  substance  .  The  green  leaflets  with  a  metallic  luster  had  m.p.  180*. 

Found  %;  I  19.78,  19.96.  C29H25ON2S3I.  Calculated  %  I  19.84. 

The  perchlorate  was  prepared  analogously  to  the  iodide.  It  had  m.p.  175*. 
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Found  S  15.59,  15.60.  C29H25O5N2S2CI.  Calculated  Icr,  $  15.67. 

Thiadicarhocyaninc  (Xlb)  was  obtained  analogously  to  (XIa)  from  (X)  and  2-mcthylbcnzthiazole  ctho- 
tosylate.  The  yield  was  69'’/^  The  green  leaflets  with  a  metallic  luster  had  m.p.  164*. 

Found  S  14.44,  14.59.  C30H27ON2S3I.  Calculated  '7-r  S  14.68. 

{3-McrhylbcnzthiazoIe-2)-(.T-ctIiyl-  6’,7’-bonzobenzthiazole-2’ )-  9-  (o-  acetylmercaptophcnyl)-dicarbo- 
cyanine  iodide  (XLX).  A  mixture  of  1.02  g  of  monomethynccyaninc  (X)  and  1.2  g  of  2-methyl- a-naphtho- 
tliiazolc  cthoiosylatc  in  8  ml  of  acetic  anhydride  vtas  heated  on  a  water  bath.  Then  8.5  ml  of  pyridine  was 
added  and  the  mixture  heated  for  2  min,  cooled,  and  diluted  with  50  ml  of  ether.  The  viscous  mass  liberated 
was  triturated  with  10  ml  of  methanol.  The  crystallized  dye  was  collected  by  filtration  and  washed  on  the  filter 
with  methanol  until  the  filtrate  had  a  pure  blue  color.  The  dye  was  converted  to  the  iodide  by  the  addition  of  a 
methanol  solution  of  sodium  iodide  to  a  boiling  methanol  solution  of  the  dye.  The  yield  was  0.75  g  (50.5*7'’). 

Green  leaflets  witli  a  metallic  luster  were  obtained.  After  rccrystallization  from  methanol,  the  product  had 
m.p.  209-210”. 

Found  "/e  I  19.34.  19.40.  C34II29ON2S3I.  Calculated  '7^  I  19.63. 

(3-Et]iyl-6,7-benzobcnzthiazole-2)-(3'-ethylbenzthiazole-2'  )-9-(o-acctylmercaptophcnyl)-dicarbo- 
cyanine  iodide  (XX).  A  mixture  of  0.577  g  of  2-[(y -benzothiopyranylidene)- methyl]- a- naphthoihiazole  metho- 
o-nitrobenzencsulfonate  [3]  and  0.524  g  of  2-methylbenzthiazole  ethotosylate  in  4  ml  of  acetic  anhydride  and 
5  ml  of  pvTidine  was  heated  on  a  boiling  water  bath  for  3  min.  The  cooled  mixture  was  diluted  with  ether.  The 
precipitated  product  was  collected  by  iiliraiion  and  washed  on  the  filter  with  methanol  (the  unreacted  mono- 
mcthynecyaninc  remained  on  the  filter).  The  dye  which  precipitated  when  an  aqueous  solution  of  potassium 
iodide  was  added  to  the  methanol  filtrate  was  recrystallized  from  ethanol.  The  green  platelets  had  a  metallic 
luster.  The  yield  was  0.15  g  (21‘v<’)  and  tlie  m.p.  206". 

Found  "/.t  I  17.43,  17.73.  C35n3iON2S3l.  Calculated  *71  I  17.69. 

Di-(3-ethyl-6,7-benzobcnzthiazolc-2)-(o-acetylmcrcaptophcnyl)-dicarbocyanme  o-nitrobenzencsulfonate 
(XXI).  A  mixture  of  0.577  g  of  2- [(y -benzothiopyranylidene)- methyl]- a- naphthothiazole  metho-o- nitrobenzene- 
sulfonate  [3]  and  0.6  g  of  2-inethyl- a- naphthothiazole  ethotosylate  in  4.5  ml  of  acetic  anhydride  and  5  ml  of 
P)Tidinc  was  heated  on  a  boiling  water  bath  for  2  min.  The  cooled  mixture  was  diluted  with  ether.  The  dye 
liberated  was  treated  with  10  ml  of  methanol,  collected  by  filtration,  and  washed  with  hot  methanol  until  the 
motlier  solution  no  longer  had  the  red  color  of  the  starting  monomethynccyaninc.  Recrystallization  from  acetic 
anhydride  gave  0.31  g  (37*7'’)  of  dye  as  green  platelets  with  a  metallic  luster.  The  m.p.  was  179-180*. 

Found  *7'r  S  14.92,  15.06.  C45H„06N3S4.  Calculated  ‘7<^  S  15.17. 

SUMMARY 

1.  It  was  found  that  in  the  reaction  of  monomethynecyanines  containing  4-benzopyrylium  residues  with 
quaternary  salts  of  nitrogen  hcterccycles  containing  active  methyl  groups,  there  is  cleavage  of  the  benzopyrylium 
ring  and  addition  of  the  quaternary  salt  at  the  position  of  rupture.  This  reaction  forms  dicarbocyanines  containing 
o-hydroxyphenyl  groups  as  substituents  in  the  chromophore. 

2.  An  analogous  reaction  occurs  v/ith  monomethymecyanines  containing  4-bcnzorhiopyTylium  and  4-a- 
naphthopyTylium  residues. 

3.  The  absorption  spectra  of  the  dicarbocyanines  obtained  were  studied. 
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The  benzoic  and  phcnoxyacetic  esters  of  l-alkcnyl-2,5-dimctliyl-4-cihynyl-4-piperidoIs  v;ere  described 
in  a  previous  communication  and  two  esters  among  these  showed  a  high  anesthetic  activity  [1]. 

For  an  investigation  of  the  pharmacological  properties,  in  the  present  work  we  symthesized  the  benzoic 
esters  of  1-n-propyl-  and  1-n-butyl- 2,5-dimethyl-4-othynyl-4-piperidols. 

The  starting  1-n-propyl-  and  1-n-butyl- 2, 5-dimethyl-4-ethynyl-4-piperidols  (11)  and  (HI)  were  synthesized 
by  A.  E.  Favorskii's  method  [2]  by  condensation  of  acetylene  with  1-n-propyl-  and  1- n-butyl-2,5-dimethyI-4- 
pipcridonc3  (I  a  and  b)  [3,4]. 

0  nc=c  OH 

II  \/ 

[  J-ciij  '  '  J-CII, 

I  I 

U  U 

(la.  b)  (It),  (III) 

(in).  (II)  Jl=Cn,CIl,CH,;  (ibl,  (Jll)  R=CH,CH,CH,CI!,. 

This  method  gave  1-n-propyl-  and  l-n-butyl-2,5-dimcthyl-4-ethynyl-4-piperidols  (H)  and  (HI)  as  mixtures 
of  stereoisomeric  fomis  which  were  uncrystallizablc  liquids.  For  isolation  of  the  individual  forms,  the  liquid 
mixtures  of  isomers  were  converted  into  the  piperidol  hydrochlorides.  The  mixtures  of  crystalline  hydrochlorides 
isolated  were  fractionally  crystallized  from  a  mixture  of  acetone  and  alcohol.  The  individual  hydrochlorides  ob¬ 
tained  were  reconverted  into  the  bases.  By  this  method  we  isolated  one  individual  y -isomer  with  m.p.  76-77* 
from  the  mixture  of  stereoisomeric  l-n-propyl-2,5-dimethyl-4-etliynyl-4-piperidols  in  an  amount  representing 
about  IG'/'oof  the  total  mixture.  From  the  mixture  of  isomeric  1-n- butyl- 2,5- dimethyl- 4-ethynyl- 4- piperidols 
we  isolated  two  individual  isomers:  a  y  -  isomer  with  m.p.  50*  (20.3%)  and  B  -  isomer  with  m.p.  79-80*  (about  2%). 

For  pharmacological  investigation,  we  synthesized  the  benzoic  esters  of  the  y- forms  of  1-n- propyl- 2,5- 
dimethyl- 4-ethynyl- 4-pipcridol  (I\')  and  l-n-butyl-2,5-dimethyl-4-eihynyl-4-pipcridol  (V)  by  esterification  of 
piperidols  (E)  and  (El)  with  benzoyl  chloride  in  anhydrous  pyTidine. 

The  two  esters  (IV)  and  (V)  in  the  form  of  the  hydrochlorides  vrere  tested  for  surface  anesthesia  by  Ren'e’s* 
metliod.  The  anesthetizing  action  of  these  esters  was  compared  with  that  of  dicaine.  Both  esters  had  an  anesthe- 
,  tizing  activity.  The  benzoic  ester  of  1-n-butyl- 2, 5-dimethyl-4-ethynyl-4-piperidol  at  a  concentration  of  0.5% 
was  very  little  weaker  than  dicaine  (at  the  same  concentration)  in  anesthetizing  activity. 

•Transliteration  of  the  Russian  original. 
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FIC=C^  .OCOCoMs  nc=c.  ^OCOCnHj 

HaC-ZN 

\  J-CII3  i  }-C\h 

I  I 

CllaCII.CII,  CIliCIIiCHaCHa  . 

(IV)  (V) 

EXPERIMENTA  L* 

1-n-Propyl- 2,5- dimethyl- 4- piperidone  (la).  A  solution  of  67,3  g  of  2,5- dimethyl- 4- piperidone  (n^D 
1.4670)  [3]  in  150  ml  of  anhydrous  benzene  was  stirred  at  70*  on  a  glycerol  bath  and  a  solution  of  39.8  g  of  fresh¬ 
ly  distilled  propyl  bromide  in  20  ml  of  anhydrous  benzene  added  dropwise  over  a  period  of  1.5  hr.  The  reaction 
mixture  was  then  heated  at  80-85*  for  11.5  hr.  On  the  following  day,  the  precipitated  hydrobromide  of  the  original 
piperidone  was  removed  and  washed  with  anhydrous  benzene.  The  benzene  and  excess  bromide  were  distilled  from 
the  filtrate  under  reduced  pressure  (water  pump)  and  the  residue  was  vacuum  distilled.  We  obtained  33.9  g  (75.6%) 
of  1-n- propyl- 2,5- dimethyl- 4- piperidone.  It  had  b.p.  81-83’  (4  mm),  n^D  1.4602  [4]. 

l-n-Butyl-2,5-dimethyl-4-piperidone  (Ib).  Over  a  period  of  1  hr,  a  solution  of  55  g  of  butyl  bromide  in 
20  ml  of  anhydrous  benzene  was  added  dropwise  to  a  solution  of  85  g  of  2,5- dimethyl- 4- piperidone  (n^D  1.4670) 
[3]  in  200  ml  of  anhydrous  benzene,  which  was  stirred  at  70*.  The  reaction  mixture  was  then  heated  at  85-90* 
for  12  hr.  On  the  following  day,  the  precipitated  hydrobromide  of  the  original  piperidone  was  removed  and  washed 
with  anhydrous  benzene.  The  reaction  product  was  isolated  as  in  the  previous  experiment.  We  obtained  51.5  g 
(94.4%)  of  l-n-butyl-2,5-dimethyl-4-piperidone  [4].  It  had  b.p.  90-92*  (5  mm),  n^D  1.4622. 

Found  %  N  7.72,  7.78.  CuHjiON.  Calculated  %  N  7.64. 

The  hydrochloride  was  obtained  by  passing  dry  hydrogen  chloride  into  an  ether  solution  of  3.5  g  of  1-n- 
butyl-2,5-dimcthyl-4-piperidone.  The  precipitate  was  washed  with  absolute  ether.  We  obtained  3,8  g  of  white  . 
crystals  with  m.p.  145-146*  (from  acetone). 

Found  %:  Cl  16.29,  16.35.  CnHzzONCl.  Calculated  %;  Cl  16.14. 

1-n-Prcpyl- 2,5- dimethyl- 4-ethynyl- 4- piperidol  (11).  Into  a  three-necked  flask  fitted  with  a  reflux  con-  . 
denser,  dropping  funnel,  stirrer,  and  inlet  tube  for  acetylene  were  placed  490  ml  of  absolute  ether  and  44.7  g  of 
powdered  technical  potassium  hydroxide  and  the  mixture  stirred  vigorously  and  cooled  to  ~8  to  ~10*  with  an 
ice-salt  cooling  mixture  while  purified  acetylene  was  passed  in  for  2  hr.  Then  while  stirring  and  the  passage  of 
acetylene  were  continued,  a  solution  of  48.7  g  of  1- n- propyl- 2, 5-dimethyl-4-piperidonc  (n“'^D  1.4608)  in  49  ml 
of  absolute  ether  was  added  dropwise  over  a  period  of  2  hr.  After  the  piperidone  had  been  added,  the  reaction 
mixture  was  stirred  for  a  further  6  hr  at  “8  to  “10*  with  a  fast  stream  of  acetylene  flowing  and  then  hydrolyzed 
with  50  ml  of  water.  The  ether  layer  was  separated  and  the  aqueous  layer  extracted  repeatedly  with  ether.  The 
ether  solution  and  ether  extracts  were  combined,  washed  with  25  ml  of  water  (to  remove  residual  alkali),  and 
dried  with  potassium  carbonate,  .\fter  removal  of  the  ether,  the  residue  was  vacuum  distilled  to  yield  35,6  g 
(62.8%)  of  a  mixture  of  stereoisomeric  l-n-propyl-2,5-dimethyl-4-ethynyl-4-piperidols.  The  mixture  had  b.p. 
113-115*  (5  mm),  n^°D  1.4910. 

Found  N  7.21,  7.52.  C^HiiON.  Calculated  %.  N  7.17. 

A  50  g  sample  of  the  mixture  of  stereoisomeric  piperidols,  which  was  a  thick,  uncrystallizable  liquid,  was 
converted  into  the  hydrochloride  by  acidifying  an  ether  solution  of  the  piperidol  to  Congo  with  an  alcohol  solu¬ 
tion  of  hydrogen  chloride.  The  viscous  precipitate  was  recrystallized  from  a  mixture  of  acetone  and  alcohol 
(3  :  2)  to  yield  27.2  g  (45.3%)  of  a  mixture  of  crystalline  piperidol  hydrochlorides.  By  fractional  crystallization 
from  a  mixture  of  acetone  and  alcohol  we  isolated  9.5  g  (16%  of  the  total  amount  of  tnixture)  of  the  individual 
hydrochloride  of  the  y-form  of  l-n-propyl-2,5-dimcthyl-4-etliynyl-4-piperidoi  witii  m.p.  217-218*. 

Found  %  N  5.90,  5.92;  Cl  15.11,  15.08.  C12H22ONCI.  Calculated  %:  N  6.03;  Cl  15.33. 

•G.  D.  Ivanova  helped  with  the  experimental  part  of  the  work. 
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The  hydrochloride  with  m.p.  217-218*  was  dissolved  in  water,  the  solution  made  alkaline,  and  the  liberated 
base  extracted  with  ether.  The  ether  was  removed.  We  obtained  a  crystalline  product  with  m.p.  76-77*  (from 
lij^oin). 

Found  N  6.G8.  6.72.  C^ll^jON.  Calculated  7^?  N  7.17. 

1  •  n -  Dll t  yl-  2, 5-  dime  thyl-  4-  e thvny  1-  4 -  pineridol  (HI).  A  mixture  of  19  g  of  powdered  potassium  hydroxide 
and  252  ml  of  absolute  ether  was  stirred  vigorously  -at  -8  to  -10"  while  purified  acetylene  was  passed  in  for  2  hr. 

Then  with  continual  stirring  and  the  passage  of  a  fast  stream  of  acetylene,  a  solution  of  25.2  g  of  l-n-butyl-2,5- 
diinethyi-4-piperidonc  (n^^D  1.4622)  in  25  ml  of  absolute  ether  was  added  dropwisc  over  a  period  of  2  hr;  acetyl¬ 
ene  was  then  passed  in  for  a  further  6  lu  at  “8  to  -10*.  The  reaction  product  was  isolated  as  in  tlie  previous  ex¬ 
periment.  We  obtained  19.7  g  of  a  mixture  of  stereoisomeric  l-n-butyl-2,5-dimethyl-4-eth)Tiyl-4- 

piperidols  in  tlie  form  of  a  tliick  liquid.  It  had  b.p.  115-117"  (2  mm),  n^D  1.4890. 

Found  N  6.74.  6.71.  CiaHzaON-  Calculated  N  6.69. 

The  mixture  of  stereoisomeric  l-n-butyl-2,5-dimethyl-4-eth)Tiyl-4-piperidols  did  not  crystallize  on  cooling. 
A  79  g  sample  of  the  piperidol  (ii^°D  1.4890)  was  dissolved  in  absolute  ether,  the  solution  acidified  to  Congo  with 
an  alcohol  solution  of  hydrogen  chloride,  and  the  hydrocliloride  precipitated  with  absolute  ether.  The  precipitated 
viscous  mass  was  dissolved  in  acetone  and  absolute  ether  added  until  a  slight  turbidity  was  produced.  We  obtained 
26.1  g  (27.9fo)  of  a  mixture  of  crystalline  hydrochloride.  By  fractional  crystallization  from  a  mixture  of  acetone 
and  alcohol  (4  ;  1)  wc  isolated  two  individual  y-  and  0 -hydrochlorides  of  l-n-butyl-2,5-dimothyl-4-ethynyl-4- 
piper  idols. 

a)  Wc  obtained  19  g  (20.3%of  the  total  mixture)  of  the  y -isomer  hydrochloride  with  m.p.  206-207*. 

Found  N  5.77,  5.73;  Cl  14.56,  14.49.  CijIlj-iONCl.  Calculated  N  5.69;  Cl  14.44. 

Tile  hydrochloride  was  dissolved  in  water,  the  solution  made  alkaline,  and  the  base  extracted  with  ether. 

The  solinion  was  dried,  the  ether  removed,  and  the  residue  vacuum  distilled.  We  obtained  the  base  as  a  tliick 
liiluid,  whicli  crystallized  on  cooling  to  lo\/-melting  crystals.  The  substance  had  b.p.  120-121*  (2  mm),  m.p.  50*, 
and  n^^D  1.4878. 

Found N  6.59,  6.77.  C13H23ON.  Calculated  N  6.69. 

b)  We  obtained  1.83  g  (l.O'Voof  the  total  mixture)  of  the  0-form  hydrochloride  with  m.p.  200-201*. 

Found '’/o;  N  5.82,  5.88;  Cl  14.66,  14.62.  CiaH^iONCl.  Calculated  <70;  N  5.69;  Cl  14.44. 

The  hydrochloride  was  converted  into  the  base.  It  liad  m.p.  79-80*  (from  ligroin). 

Found  ‘If.:  N  6.70,  6.82.  C13II23ON.  Calculated  N  6.69. 

A  mixture  of  the  hydrochlorides  with  m.p.  206-207"  and  200-201*  melted  at  174-180*. 

Benzoic  ester  of  the  y^/orm  of  1- n- propyl- 2. 5- dime  thyl- 4- ethynyl- 4- piperidol  (IV).  To  a  cooled  solution 
of.2.1  g  of  l-n-propyl-2,5-dimcthyl-4-cthynyl-4-piperidol  (m.p.  76-77")  in  10  ml  of  anhydrous  pyTidine  was  added 
7.4  g  of  benzoyl  chloride.  The  reaction  mixture  was  then  heated  at  135-140"  for  15  lir,  cooled,  and  diluted  with 
20  ml  of  absolute  ether.  The  precipitate  was  collected  and  repeatedly  extracted  with  hot  benzene.  Part  of  the 
benzene  was  distilled  from  the  extract  under  reduced  pressure  (w'ater  pump).  The  precipitate  produced  was  re- 
crystallized  three  times  (once  with  boiling  with  active  cliarcoal)  from  benzene.  Wc  obtained  0.92  g  of  the  hydro¬ 
chloride  of  the  benzoic  ester  of  the  y-form  of  1-n- propyl- 2,5- dimethyl- 4- ethynyl- 4- piperidol  with  m.p.  195-196*. 

Found ‘^o:  N  4.14,  3.99;  Cl  10.54,  10.72.  Cu,ll2602NCl.  Calculated  N  4.16;  Cl  10.58. 

The  solvent  was  distilled  from  the  mother  liquor,  the  residue  dissolved  in  water,  and  the  solution  extracted 
with  ether  and  then  made  alkaline  with  sodium  carbonate.  The  precipitated  base  was  extracted  with  ether.  The 
extract  was  dried,  the  ether  removed,  and  the  residue  vacuum  distilled.  Wc  obtained  0.4  g  of  the  benzoic  ester 
of  the  y-form  of  l-n-propyl-2,5-dimcthyl-4-ethynyl-4-pi{x:ridol  as  the  base.  It  had  b.p.  134-135*  (2  mm) 
and  n^®D  1.5252. 

Found <70!  N  4.63,  4.63.  CigH^sOzN.  Calculated ‘fo:  N  4^68 
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Benzoic  ester  of  the  y  -  form  of  l-n-hutyl-2,5-dimethyI-4-ethynyl-4-piperidol  (V).  A  mixture  of  3.1  g 
of  the  y-form  of  1-n- butyl-2, 5-dimethyl-4-ethynyl-4-piperidol  (m.p.  50°),  15  ml  of  anhydrous  pyridine,  and 
10.5  g  of  benzoyl  chloride  was  heated  at  135-140“  for  15  hr  and  then  20  ml  of  absolute  ether  added  to  the  cooled 
solution.  The  precipitate  was  collected,  washed  with  a  mixture  of  absolute  ether  and  acetone,  and  then  extracted 
repeatedly  with  hot  benzene.  Part  of  the  benzene  was  distilled  from  the  extract  and  the  precipitate  collected  and 
recrystallized  three  times  from  benzene.  We  obtained  3.35  g  of  the  hydrochloride  of  the  benzoic  ester  of  the  y- 
form  of  l-n-butyl-2,5-dimethyl-4-ethynyl-4-piperidol  with  m.p.  194-195*. 

Found  %  N  3.64,  3.68;  Cl  9.82,  9.79.  C20H28O2NCI.  Calculated  %  N  4.00;  Cl  10.13. 

A  solution  of  0.7  g  of  the  hydrochloride  in  water  was  made  alkaline  and  the  liberated  base  extracted  with 
ether.  After  removal  of  the  ether,  the  solidified  residue  was  recrystallized  from  ligroin  to  yield  0.51  g  of  the 
benzoic  ester  of  l-n-butyl-2,5-dimethyl-4-ethynyl-4-piperidol  in  the  form  of  white  platelets  with  m.p.  75-76*. 

Found  *70:  N  4.64.  4.67.  CjqHztOjN.  Calculated  <yo;  N  4.47. 

SUMMARY 

1.  Condensation  of  l-n-propyl-  and  l-n-butyl-2,5-dimethyl-4-piperidones  with  acetylene  yielded  1-n- 
propyl-  and  l-n-butyl-2,5-dimethyl-4-ethynyl-4-piperidols  as  liquid  mixtures  of  stereoisomeric  forms.  Indiv¬ 
idual  isomers  of  these  piperidols  were  isolated  by  fractional  crystallization  of  their  hydrochlorides. 

2.  Esterification  of  l-n-propyl-  and  1-n- butyl- 4-ethynyl- 4- piperidols  with  benzoyl  chloride  yielded  their 
benzoic  esters,  which  were  found  to  have  anesthetic  activity. 
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A  series  of  benzoic  and  phenoxyacetic  esters  of  l-alkenyl-2.5-dimethyl-4-etliyl- 4-piperidols,  which  have 
a  high  anesthetic  activity,  were  described  in  a  previous  communication  [1|.  Continuing  the  investigations  on  the 
syntliesis  of  new  anesthetics  for  pharmacological  study,  which  were  begun  under  tlie  direction  of  I.  N.  Nazarov, 
we  synthesized  the  benzoic  esters  of  1-n- propyl-  and  1-n- butyl -2,5- dimethyl  4- ethyl- 4-piperidols. 

The  starting  1-n  propyl-  and  l-n-butyl-2,5-dimethyl-4-eihyl-4-piperidols  (I)  and  (IT)  were  obtained  by 
condensation  of  ctliyllithitim  [2-4]  with  1-n-propyl-  and  l-n-butyl-2,5*dimcthyl-4-pipcridoncs  [5]. 


Clin 


O 

II 

./\ 

N' 

I 

It 


'-CII3 


r.H.i  I 


1:2115^/311 

CII3V 


;-CII, 


(I  and  II) 
(I) 

(It) 


This  reaction  yielded  the  pipt;ridols  (I)  and  (U)  as  uncrystallizable  mixtures  of  stereoisomeric  forms.  For 
isolation  of  individual  compounds,  the  mixtures  of  stereoisomeric  piperidols  were  converted  into  the  hydrochlo¬ 
rides.  However,  the  mixture  of  hydrochlorides  of  the  isomeric  l-n-prop\l-2,6-dimerhyl-4-erhyl-4-piperidols  (I) 
was  also  an  uncrystallizable  liquid  and  it  was  impossible  to  isolate  an  individual  isomer  of  this  pipcridol.  Only 
one  individual  hydrochloride  (about  lO'^oof  the  total  amount  of  mixture)  with  m.p.  163-164*  was  isolated  from 
the  mixture  of  isomeric  piperidol  hydrochlorides  (II).  Conversion  of  it  into  the  base  yielded  a  liquid  isomer  of 
1-n- butyl- 2. 5-dimethyl- 4-ethyl- 4- piperidol. 

Esterification  of  piperidol  (I)  (as  the  mixture  of  Isomeric  forms)  the  piperidol  (II)  (individual  isomer)  with 
benzoyl  chloride  gave  benzoic  esters  (III)  and  (IV). 
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The  benzoic  ester  of  l-n-propyl-2.5-diiTiethyl-4-ethyl-4-piperidol  (III)  in  the  form  of  the  hydrochloride 
was  tested  for  surface  anesthesia  by  Ren'e's  method  in  M.  D.  Mashkovskii's  laboratory  (S.  Ordzhonikidze  All- 
Union  Chemicopharmaceutical  Scientific  Research  Institute).  The  anesthetizing  action  of  the  ester  was  compared 
with  that  of  dicaine;  the  benzoic  ester  (HI)  showed  a  comparatively  high  activity,  close  to  that  of  dicaine. 


EXPERIMENTAL 

l-n-Propyl-2,5-dimethyl-4-ethyl-4-pipcridol  (I).  Into  a  three-necked  flask  fitted  with  a  stirrer,  dropping 


funnel,  reflux  condenser,  and  nitrogen  inlet  tube  (the  reactions  were  carried  out  in  dry  nitrogen)  were  placed 
350  ml  of  absolute  ether  and  8.4  g  of  finely  cut  metallic  lithium  and  the  ether  boiled  gently  and  stirred  while  a 
solution  of  72  g  of  ethyl  bromide  in  50  ml  of  absolute  ether  was  added  dropwise  over  a  period  of  2  hr.  The  mix¬ 
ture  was  then  heated  for  3  hr.  The  ether  solution  of  ethyllithium  obtained  was  cooled  with  ice  water  while  a 
solution  of  25.4  g  of  l-n-propyl-2,5-dimethyl-4-piperidone  (n^°D  1.4605)  [5]  in  50  ml  of  absolute  ether  was  added 
dropwise  over  a  period  of  40  min.  When  the  piperidone  had  been  added,  the  mixture  was  heated  for  8  hr  (with  one 
break).  The  product  was  hydrolyzed  with  dilute  (1 :  1)  hydrochloric  acid  to  an  acid  reaction  to  Congo.  The  ether 
layer  was  separated,  the  aqueous  layer  made  alkaline,  and  the  liberated  base  extracted  with  ether.  The  extract 
k  was  dried  with  potassium  carbonate,  the  ether  removed,  and  the  residue  vacuum  distilled.  We  obtained  19.2  g 

(65. 6*70)  of  a  mixture  of  stereoisomeric  l-n-propyl-2,5-dimethyl-4-ethyl-4-piperidols. 

B.p.  95-100*  (3  mm).  n^D  1.4730,  d^j^  0.93064,  d”4  0.92896,  MR^,  60.20;  calc.  60.88. 

Found N  7.55,  7.51.  C12H25ON.  Calculated %:  N  7.06. 

The  hydrochloride  of  this  piperidol  could  not  be  crystallized. 

l-n-Butyl-2.5-dimethyl-4-ethyl-4-piperidol  (H).  Over  a  period  of  3  hr  a  solution  of  72  g  of  ethyl  bromide 
in  50  ml  of  absolute  ether  was  added  dropwise  to  a  stirred  mixture  of  8.4  g  of  finely  cut  metallic  lithium  and  300  ml 
of  absolute  ether  with  the  ether  boiling  gently.  A  solution  of  32  g  of  l-n-butyl-2.5-dimethyl-4-piperidone  (n^°D 
1.4622)  [5]  in  50  ml  of  absolute  ether  was  added  dropwise  with  cooling  in  ice  water  to  the  ethyllithium  obtained. 

The  reaction  mixture  was  then  heated  for  8  hr.  After  treatment  as  described  above,  the  reaction  product  was  ex¬ 
tracted  with  ether.  The  extract  was  dried,  the  ether  removed,  and  the  residue  vacuum  distilled.  We  obtained 
20. 7g  (63.9*70)01  a  mixture  of  stereoisomeric  1-n- butyl- 2,5- dimethyl- 4- ethyl- 4-piperidols. 

B.p.  100-105*  (3  mm),  n^D  1.4720,  d^®20  0.9324.  d“4  0.9290,  MRp  64.89;  calc.  65.48. 

Found  %  N  6.34,  6.30.  C13H27ON.  Calculated  %  N  6.54. 

The  mixture  of  stereoisomeric  piperidols  obtained  did  not  crystallize  when  cooled.  A  56  g  sample  of  the 
product  was  dissolved  in  absolute  ether  and  hydrogen  chloride  passed  through  the  solution.  The  thick  mass  formed 
was  treated  with  absolute  ether  and  recrystallizcd  from  a  mixture  of  acetone  and  ether.  The  precipitate  was  col¬ 
lected  and  subjected  to  fractional  crystallization  from  acetone.  We  obtained  6.7  g  (about  10*70 of  the  total  mixture) 
of  the  individual  hydrochloride  of  l-n-butyl-2,5-dimethyl-4-ethyl-4-piperidol  with  m.p.  163-164*. 

Found  N  5.47.  5.64.  C13H28ONCI.  Calculated  *7i  N  5.61. 

A  mixture  of  the  hydrochloride  with  m.p.  163-164*  and  the  hydrochloride  of  the  original  piperidone 
(m.p.  145-146°)  melted  at  130-135°. 

The  individual  hydrochloride  with  m.p.  163-164*  was  converted  into  the  base;  this  yielded  a  liquid  product 
with  n^D  1.4720. 

Benzoic  ester  of  l-n-propyl-2,5-dimethyl-4-ethyl-4-pipcn‘dol  (III).  A  mixture  of  3  g  of  l-n-propyl-2,5- 
diinethyl- 4- ethyl- 4- piperidol  ^n^D  1.4730)  in  15  ml  of  anhydrous  benzene  and  10.5  g  of  benzoyl  chloride  was 
heated  at  105-110*  for  15  hr.  The  benzene  and  excess  acid  chloride  were  then  removed  in  vacuum  (water  pump). 
After  treatment  with  absolute  ether,  the  residue  was  dissolved  in  water,  the  solution  made  alkaline  with  sodium 
carbonate,  and  the  liberated  base  extracted  with  ether.  The  extract  was  dried  with  sodium  sulfate,  the  ether  re¬ 
moved,  and  the  residue  vacuum  distilled.  We  obtained  1.22  g  of  the  benzoic  ester  of  l-n-propyl-2,5-dimethyl- 
4-ethyl-4-piperidol.  It  had  b.p.  150-153°  (2  mm),  n^D  1.5108. 

Found  *7^  N  4.69;  4.46.  C19H29O2N.  Calculated  *7?  N  4.64. 
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The  base  was  converted  into  the  hydrochloride.  After  two  recrysiallizatioas  from  benzene,  the  hydrcchlo- 
ridc  of  the  benzoic  ester  of  l-n-propyl-2,5-dimethyl-4-ethyl-4-pipcridol  melted  at  185-186*. 

Found  Cl  10.15.  10.08.  CigHaoOjNCl.  Calculated  Icr.  Cl  10.44. 

Benzoic  ester  of  l-n-butyl-2,5-diincthyl-4-ethyl-4-pipcridol  (IV).  A  mixture  of  2.9  g  of  1-n- butyl- 2,5- 
dimethyl- 4 -ethyl -T^piptrildoM^  1.4720)  in  15  ml  of  anhydrous  pyridine  and  9  g  of  benzoyl  chloride  was  heated 
at  135-140“  for  15  hr.  The  p\Tidinc  and  excess  acid  chloride  were  then  removed  in  vacuum  (water  pump).  The 
residue  was  treated  with  sodium  carbonate  solution.  The  base  was  extracted  with  ether.  The  extract  was  dried 
with  sodium  sulfate,  the  ether  removed,  and  the  residue  vacuum  distilled.  We  obtained  0.9  g  of  the  benzoic  ester 
of  l-n-butyl-2,5-dimcthyl-4-ethyT4-piperidol.  It  had  b.p.  135-140*  (2  mm),  n^'^0  1.5130. 

Found  N  4.58,  4.63.  CzoUaiOjN.  Calculated  7c?  N  4.41. 

The  base  was  converted  into  the  hydrochloride.  The  hydrochloride  of  the  benzoic  ester  of  1- n- butyl- 2,5- 
dlmethyl- 4-ethyl- 4- piperidol  obtained  melted  at  197-198*  (from  benzene). 

Found  7c:  Cl  10.62.  10.41.  CjoHszOsNCl.  Calculated  7*:  Cl  10.42. 

SUMMARY 

1.  Condensation  of  ethyllithium  with  1-n-propyl-  and  l-n-butyl-2.5-dimcthyl-4-piperidones  yielded  the 
corresponding  1-n-propyl-  and  l-n-butyl-2,5-dimethyl-4-cthyl-4-pipcridols  as  uncrystallizable  mixtures  of 
stereoisomeric  forms.  One  individual  isomer  was  isolated  from  the  m.ixture  of  l-n-butyl-2,5-dimcthyl-4-ethyl- 
4-pipotidols  by  fractional  crystallization  of  th.cir  hydrochlorides. 

2.  The  benzoic  esters  of  1-n-propyl-  and  l-n-butyl-2,5-dimethyl-4-ethyl-4-piperidols  were  synthesized 
and  tested  for  surface  anesthesia. 
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UNSATURATED  HYDROCARBONS 

Xn.  SYNTHESIS  OF  4- METHYL- p-TERPHENYL 
AND  4.4" -DIMETHYL- p-TERPHENYL 

I.  L.  Kotlyarevskii  and  M.  S.  Shvartsberg 

Institute  of  Chemistry,  Eastern  Siberian  Branch  of  the  Siberian  Division 

of  the  Academy  of  Sciences  of  the  USSR 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  9.  pp.  2912-2916, 

September,  1960 

Original  article  submitted  June  11,  1959 

The  synthesis  of  substituted  terphenyls  by  dehydrocyclization  on  the  basis  of  our  previous  work  [1]  may  be 
accomplished  by  two  schemes, which  consist  of  aromatization  of  glycols  and  their  dehydration  products,  containing 
a  biphenyl  substituent  in  one  case  and  two  phenyl  substituents  in  the  other. 

In  the  present  work  we  synthesized  4-methyl-p-terphenyl  (I)  by  the  first  variant  and  4,4"-dimethyI-p- 
terphenyl  (H)  by  the  second. 

The  condensation  of  p-acetylbiphcnyl  with  dimethylethynylcarbinol  by  lotsich's  method  yielded  2-methyl- 
5-p-biphenylylliex-3-)'ne-2,5-diol  (HI),  which  was  converted  into  2-methyl-5-p-biphenylylhexane-2,5-diol  (IV) 
by  exhaustive  hydrogenation  in  methanol  over  Raney  nickel.  By  the  action  of  hydrogen  chloride  in  benzene,  (IV) 
was  smoothly  converted  into  2,2,5-trimethyl-5-p-biphenylyltetrahydrofuran  (V).  Aromatization  of  the  glycol  (IV) 
and  tetrahydrofuran  (V)  under  conditions  found  previously  [1,  2]  led  to  4-methyl-p-terphenyl  (I)  in  up  to  50%  yield. 

2,5-Di-p-tolylhex-3-yne-2,5-diol  (VI)  was  synthesized  from  acetylene  and  p-methylacctophenone  by  the 
Favorskii  reaction  [3].  Without  separation  of  the  isomers,  glycol  (VI)  was  hydrogenated  to  2,5-di-p-tolylliexane- 
2,5-diol  (VU)  and  then  dehydrated  to  a  mixture  of  2,5-di-p-tolyl-2,4-hexadiene  (IX)  and  2.5-dimethyl-2,5-di- 
p- tolyltetrahydrofuran  (Vni).  The  structure  of  the  diene  (DC)  was  demonstrated  by  ozonization,  which  yielded 
p-methylacetophenone.  Hydrogenation  of  the  glycol  (VI)  proceeded  slowly  in  the  final  stage  and  when  it  was 
stopped  after  the  absorption  of  70- 90%  of  the  calculated  amount  of  hydrogen,  it  led  to  a  mixture  of  saturated  (VII) 
and  ethylenic  glycols.  In  this  case,  2,5-dimethyl-2,5-di-p-tolyl- A^-dihydirofuran  (X)  was  isolated  from  the  dehy¬ 
dration  products  in  addition  to  the  diene  (DC)  and  the  tetrahydrofuran  (VIH). 

lie--  --CM 
CII3  Clio 

■\  / 

C  C 

/  Xq/  \ 

CHaColN  Co^^Cll, 

(X) 

The  glycol  (VII)  and  its  dehydration  products  (VIH)  and  (IX)  were  aromatized  to  4,4’-dimethyl-p-tcrphenyl 
(11)  in  a  yield  of  the  order  of  30-35% over  a  Mg0/Cr203/ AI2O3  catalyst.  The  presence  of  the  diliydrofuran  (X)  in 
the  mixture  undergoing  dehydrogenation  did  not  affect  tlie  yield  of  substance  (El).  For  additional  characterization, 
we  again  plotted  the  ultraviolet  absorption  spectra  of  the  compounds  obtained  and  also  the  final  products  (Figs.  1 
and  2). 
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(VI) 


CH3  CII3 

I  I 

CI!,-reH4-C0il-C!l2-CIl2-C01I-(:8ll4-f;il3 
(VJl) 


I/CII3 

c  1 13-  (V.!  I ^  ^  Cf,i  r  4-  Cl  I3 

(VIII) 


Cll:, 

I 


CII1 


(:ii3-c,iii4-(:=^cii-cii-=c-C6n4-cn3 

(IX) 


(:il3-Ccll4-Coll4-CGll4-(:il3 

(II) 


EXPERIMENTAL 

p- Acetylbiphenyl  was  obtained  from  biphenyl  and  acetyl  chloride  by  the  Friedel“Crafts  reaction  in  82 7o 
yield;  it  had  m.p.  117-119"  [4], 

Preparation  of  2-methyl- 5-p-hiphenylylhcx-3-\Tic-2.5-diol  (III).  To  the  lotsich  reagent  prepared  from 
16.5  g  of  magnesium,  76  g  of  ethyl  bromide,  and  27.6  gof  dimethylethynylcarbinol  in  400  ml  of  ether  was  added 
50.7  g  of  p- acetylbiphenyl  in  400-500  ml  of  anhydrous  benzene.  After  5-7  days,*  the  mixture  was  decomposed 
with  water,  the  organx  layer  separated,  and  the  residue  extracted  with  ether  two  or  tliree  times  and  then  treated 
with  a  mixture  of  2 sulfuric  acid  and  ether.  The  acid  ether  extract  was  washed  with  sodium  bicarbonate  solution 
and  water  and  the  glycol  isolated  from  it  .separately.  The  solutions  of  the  product  were  stabilized  with  hydroquinone 
and  dried  with  baked  potassium  carbonate.  The  product  obtained  after  removal  of  the  solvent  was  recrystallized 
from  ligroin.  The  total  yield  of  2-methyl-5-p-biphcnylylhex-3-yne-2,5-diol  was  4.3.5  g  (GO^^o)  and  the  product 
had  m.p.  112-112.5". 


•In  some  experiments  the  ether  was  distilled  from  the  reaction  mixture  after  the  latter  had  been  stined  for  2  hi. 
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Found  %  C  81.25;  H  7.27.  CigHjoOj  Calculated  <70; 

C  81.40;  H  7.19. 

Hydrogenation  of  2-methyl-5-p-biphenylylhex~3- 
yne-2,5-diol.  The  acetylenic  glycol  (HI)  was  hydrogenated 
at  room  temperature  in  methanol  over  Raney  nickel  either 
at  atmospheric  pressure  or  under  pressure  (50  atm)  in  an 
autoclave.  The  theoretical  amount  of  hydrogen  was  absorbed. 
The  yield  of  the  saturated  diol  (IV)  was  97-98*70  and  it  had 
m.p.  104-105“. 

Found  %  C  80.26;  H  8.73.  C,9H2402.  Calculated  % 

C  80.24;  H  8.51. 

Dehydration  of  2-methyl- 5- p-biphenylylhexane-2, 5- 
diol  (IV).  A  stream  of  hydrogen  chloride  was  passea  into  a 
solution  of  15  g  of  the  saturated  glycol  (IV)  in  100  ml  of 
anhydrous  benzene  for  30  min  at  room  temperature  and  about 
1  ml  of  water  was  liberated.  The  reaction  mixture  was  neu¬ 
tralized  with  sodium  bicarbonate  and  washed  with  water  and 
the  benzene  removed  by  distillation.  The  residue  was  vacuum 
distilled  (165-171*  at  2.5  mm).  We  obtained  12  g  (85.4*7c)  of 
tetrahydrofuran  (V),  which  had  b.p.  161-163“  (2.5  mm)  after 
redistillation;  it  crystallized  on  standing  or  on  introduction 
of  a  seed  and  had  m.p.  38-39“  and  was  readily  soluble  in 
organic  solvents. 

Found  %  C  85.20;  H  8.16.  C19H22O.  Calculated  °]<r. 

C  85.67;  H  8.33. 

Aromatization.  4-Methyl-p-terphenyl(I).  The 
aromatization  was  carried  out  in  a  flow  apparatus  over  25  ml 
of  a  Mg0/Cr203/Al203  (2  :  18  :  80)  catalyst  [1].  A  solution 
of  9  g  of  2-methyl-5- p-biphenylylhexane-2, 5-diol  (IV)  in  benzene  (20% solution)  was  introduced  into  the  catalyst 
tube  at  0.75  kg/liter  •  hr  at  550*.  Removal  of  the  benzene  by  distillation  on  a  water  bath  yielded  4-rnethyl-p- 
terphenyl  (I),  which  was  washed  with  alcohol  and  pressed  out  on  the  filter.  The  yield  was  3.9  g  (50.5%)  and  the 
m.p.  204.5-205“  (from  alcohol)  [5]. 

From  8  g  of  the  tetrahydrofuran  (V)  at  525“  and  a  rate  of  0.72  kg/ liter  •  hr  we  obtained  2.5  g  (34.1%)  of 
4- methyl- p-terphenyl.  An  increase  in  temperature  and  rate  led  to  a  slight  fall  in  yield  (28.5%  at  550“  and  0.78  kg 
per  liter  •  hr). 

Preparation  of  2, 5-di-p-toiylhcx-3-yne-2, 5-diol  (\^I).  To  54  g  of  powdered  potassium  hydroxide  in  420  ml 
of  absolute  ether  was  added  40  g  of  p-methylacetophenone  and  acetylene  was  passed  in  for  2-3  days  with  cooling 
with  water  (10-15*).  After  a  day,  the  mass  was  decomposed  with  110  ml  of  water,  the  ether  layer  separated,  and 
the  aqueous  layer  extracted.  The  ether  extract  was  neutralized  with  carbon  dioxide,  washed  with  water,  and  dried 
with  baked  potassium  carbonate.  After  removal  of  the  ether,  the  crystalline  residue  was  mixed  with  a  small  amount 
of  ligroin  and  collected  by  filtration.  The  2, 5-di-p-tolylhcx-3-yne-2, 5-diol  (VI)  obtained  (m.p.  119-126*)  was  a 
mixture  of  isomers  [6].  The  yield  was  29.7  g  (67.6%). 

Hydrogenation  of  2,5-di-p-tolylhex-3-yne- 2,5-diol  (VI).  A  20.7  g  sample  of  glycol  (VI)  was  hydrogenated 
over  Raney  nickel  in  150  ml  of  ethyl  acetate  at  room  temperature  and  an  initial  hydrogen  pressure  of  85  atm.  The 
yield  of  diol  (VII)  was  19.1  g  (91%)  and  the  m.p.  was  105-112“  [6]. 

Dehydration  of  2, 5-di-p-tolylhcxanc-2. 5-diol (VII).  A  14.2  g  sample  of  diol  (VII)  was  dehydrated  as  de¬ 
scribed  above  for  glycol  (IV).  Distillation  (178-187*  at  2.5  mm)  yielded  11.4  g  of  a  product  which  crystallized 
rapidly  and  this  was  cooled  and  pressed  out  on  a  filter.  The  crystalline  substance,  which  was  2,5-di-p-tolyl-2,4- 
hexadiene,  was  recrystallized  from  ligroin,  when  it  had  m.p.  141-142*. 

Found  C  91.34;  H  8.48.  C2oH22-  Calculated  C  91.54;  H  8.45. 


A 

Fig.  1.  Ultraviolet  absorption  spectra.  1) 
2-Methyl-  5-p-  biphenylylhex-  3-  yne  -2.5- 
diol;  2)  2-methyl-  5-  p-  biphenylylhcxane  - 
2,5-diol;  3)  2,2,5- trimethyl- 5-p- biphenyl- 
tetrahydrofuran. 


Fig.  2.  Ultraviolet  absorption  spectrum.  1)  4- 
Methyl-p-terphenyl;  2)  4,4"-dimethyl-p-ter- 
phenyl. 
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Ozonization  of  2.4  g  of  the  diene  (IX)  yielded  about  1.3  g  of  p-methylacetophenone  with  b.p,  94-96* 

(10  mm);  the  2,4-dinitrophenylhydrazone  had  m.p.  257-258*  (from  acetic  acid)  and  did  not  depress  the  melting 
point  of  an  authentic  sample. 

The  liquid  part  of  the  product  obtained  after  separation  of  the  2,5-di-p-tolyl-2,4-hexadiene  was  evidently 
2, 4-dime tiiyl-2,5-di-p-tolyltetrahydrofuran  (Vni)  with  some  diene  dissolved  in  it,  which  could  not  be  removed 
completely  by  distillation  from  a  ClaLsen  flask.  A  sample  distilled  over  metallic  sodium  contained  87.69*7oof 
carbon  (85. GG'/o calculated  for  the  tetrahydrofuran)  and  had  n^D  1.5661. 

If  tile  glycol  (vn)  dehydrated  contained  the  corresponding  ethylenic  diol,  then  2.5-dimethyl-2,5-di-p- 
tolyl- A^-dihydrofuran  (X)  with  m.p.  54-55*  could  be  isolated  readily  from  the  crystalline  dehydration  product 
by  fractional  crystallization  from  ligroin. 

Found  C  86.16;  H  8.08.  C20H22O.  Calculated  C  86.28;  H  7.97. 

When  0.4  g  of  substance  (X)  was  hydrogenated  over  Raney  nickel  in  methanol  at  room  temperature  and 
atmospheric  pressure,  the  theoretical  amount  of  hydrogen  was  absorbed.  Distillation  (150-154*  at  1.5  mm)  yielded 
0.25  g  of  tctrahydrofuran(VIlI)  with  n^D  1.5467. 

Found  %  C  86.18;  H  8,85.  CjoHaiO.  Calculated  C  85.66;  H  8.63. 

4,4"-Diincthyl-p-terphenyl  (H).  A  solution  of  5  g  of  the  dehydration  product  of  glycol  (VIII)  [a  mixture  of 
diene  (IX)  and  tetrahydrofuran  (vni)]  in  25  ml  of  benzene  was  passed  through  a  catalyst  tube  with  25  ml  of  M 
Mg0(Cr203)Al203  (2  :  18  ;  80)  cataly.st  at  560*  over  a  period  of  16  min.  The  benzene  was  removed  on  a  water 
bath  and  the  residue  washed  with  hot  alcohol  and  pressed  out  on  a  tiller.  We  obtained  1.6  g  of  4.^"-dimcthyl-p- 
terphenyl  witli  m.p.  249-250*  (from  benzene)  [7]. 

The  glycol  (VII)  was  aromatized  to  4,4*- dimethyl- p-terphcnyl  in  18*70  yield  under  the  same  conditions 
at  535*. 


SUMMARY 

4-Mcihyl-p-tcrphenyl  and  4,4"-dimcthyl-p-terphcnyl  were  synthesized  by  catalytic  dehydrocyclization  of 
aryl-substituted  glycols  and  their  dehydration  products. 
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OF  UNSATURATED  ORGANOSILICON  COMPOUNDS 
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AND  TERTIARY  y -SIUCON-CONTAINING  ACETYLENIC  ALCOHOLS 
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September,  1960 

Original  article  submitted  September  21,  1959 


In  a  previous  communication  [1]  we  described  a  method  of  preparing  mono-,  di-,  and  trihydric  y -silicon- 
containing  tertiary  acetylenic  alcohols. 

In  the  present  investigation  we  examined  the  synthesis  of  some  y -silicon- containing  secondary  and  tertiary 
acetylenic  alcohols  by  the  reaction  of  the  appropriate  organomagnesium  reagent  from  the  acetylenic  alcohol  with 
a  trialkylchlorosilane.  The  presence  of  a  hydroxyl  group  in  the  y -silicon- containing  acetylenic  alcohols  obtained 
was  demonstrated  by  acetal  formation  [2]  according  to  the  scheme: 


R 

I 

MgllrO-  C— C~ 

I 

R' 

MgnrO-r,ii-c= 

I 

C3II7 


C— MglJr 


C-.MgBr 


K.sici 


R 

I 

110-C-C=C-SiR3 

I 

R' 

->  IlO-C-C-iC-SiRa 

I 

C3H7 


^01:4119 

CIl;r-CIl 

'^OC(RR')-C=C-SiR3 


CI!,=  rH-OC.H, 


/OC4ll9 
-►  r.ii3-cii 

\0Cll(C3ll7)-C=C-SiR3 


EXPERIMENTAL 

1.  l-Trimethylsilyl-3-methylpent-l-yn-3-ol  (I).  With  continuous  stfrring  and  cooling  in  ice  water,  49  g 
of  methylethylacetylenylcarbinoi  was  added  to  the  Grignard  reagent  from  24  g  of  magnesium  and  109  g  of  ethyl 
bromide.  The  reaction  mixture  was  stirred  at  room  temperature  for  4  hr,  54  g  of  trimethylchlorosilane  added  with 
cooling  in  ice  water,  and  the  reaction  mixture  left  overnight.  On  the  following  day,  the  complex  was  decomposed 
with  dilute  hydrochloric  acid  (10-15%).  The  ether  layer  was  separated  and  dried  with  sodium  sulfate,  the  ether 
removed,  and  the  residue  distilled  twice  to  yield  25  g  (30%)  of  product. 

B.p.  123*  (7  mm),  d^®4  0,8484,  n^®D  1.4410,  MRp  53.11.  CgHuOSi.  Calculated  %  53,37. 


2892 


Alcohols  and  Acetals 

Sub¬ 

stance 

Formulas  of  silicon- containing 
alcohols  and  acetals 

Name 

Boiling 

5oint 

No. 

( 

pressure  In 
mm) 

(0 

CH, 

L-  Trimethylsilyl-  3-  methyl- 

123®  (7) 

CH,-CH,-C-C;=C-S1(CH,), 

pent-l-yne-3-ol 

OH 

(II) 

CH, 

1 

CH,-CH,-C-CrC-SI(CH,),C,H, 

1-  Dimethylcthylsilyl-  3-  meth 
ylpent-l-yn-6-ol 

92-95  (4) 

on 

(III) 

CH, 

1 

CH,-CH,-C-C=:C-SI(C,H,), 

1-  Triethylsilyl-  3-  methyl- 
pent- l-yii- 3- ol 

98-102  (2) 

OH 

(IV) 

CHs 

1-  Trimethylsilyl-  3,5-  dimeth- 

62-63(3) 

1 

iS0-C.H.-C-C=C-Si:CH,), 

ylhex-l-yn-3-ol 

i 

OH 

i  (V) 

CH, 

1 

1-  Trimethylsilyl-  3-  methyl- 

82-85(2) 

n-c.n,-c-csc-si(CH,), 

1 

hept-1-  yn-3-ol 

j  (VI) 

OH 

CH, 

1 

1-  Triethylsilyl-  3-  methyl- 
hept-l-yn-3-ol 

!)9-i02  (2) 

1 

n-C,H.-C-CsC-Sl(C,H,), 

mi 

!  (VII) 

H 

1 

1-  Trimethylsilylhex- 1-  yn- 

89(4) 

1 

h.-C,H,-C-C=C-CI(CH,), 

3-ol 

OH 

(VIII) 

/OC.H, 

n- Butyl  trimethylsilylmeth- 

145-146(7) 

CHs— Cll 

\ 

ylpentymyl  acetal 

^OC(CH,)(C,H,)-C=C-Sl{CH,), 

(IX) 

/OC.H, 

n- Butyl  din-'ethylethylsilyl- 

120-122(2) 

i 

CH,-CH 

^OC(CH,)(C,H,)-Cr=C-Sl(CH,),C,H, 

metnylpcntynyl  acetal 

!  (X) 

/OC.H, 

CH,-CH 

\ 

n- Butyl  triethylsilyimethyl- 
pentymyl  acetal 

135-136(2) 

^OC(CH,)(C,H,)-C=C-Sl(C,H,), 

(XI) 

/OC.H, 

n- Butyl  trimethylsilyldi- 

134-136(4) 

\ 

metnylhexynyl  acetal 

! 

OC(iso-C,H,)(CH,)-C=rC-Sl(CH,), 

j  (XII) 

/OC.H, 

n-Butyl  trimethylsilyl- 

140(4) 

CH,-CH 

^OC(C.H.)(CH,)-C=C-SI(CH,) , 

metnylheptynyl  acetal 

(XIII) 

/OC.H  , 

n- Butyl  triethylsilylniethyl- 

136-138(2) 

CH|*CH 

\ 

hcptymyl  acetal 

1 

^OC{C.H.)(Cn,)-C=C-SI(C,H,), 

tXIV) 

/OC.H, 

n- Butyl  trimethylsilyl- 

145-146 

CH,-CH 

^OC(C,H,)-CsC-Sl(CH,), 

hexynyl  acetal 
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Alcohols  and  Acetals  (continued) 


Found  {°Ip) 


found  calc.  «•  n  -si 


Empirical 

formula 


Calculated  (%) 


\  n  Si 


I  0.8^81  i.4iio  s.'i.ti  r):u7  n;i.i2  lo.sn  in.oo  CniiisOSi  10.05  ir..49 


II  0.8001  M-'llf)  .5.5.91I  .58.ml  OO.LM  IO.sr,  |/,.72  r,oIl..o<'‘Si  00.15  10,9'.  15.y. 


Ill  0.8017  \A'i2h  0.5.2.S  07.201  07.91  i  11.10  j  12..S  I1  (:,,I|.„()S 


ll.:$9  13.22 


IV  0.8171  1.1318  01.8  02..30|  0(i.79  i  11.1  13.70  CuHjoOSi  1  00..59  11.17  14.20 


V  0.8114  1.440  02.9  I  02.3  07. 11  1 1 .00  13..50  C„ll......OS  i  00  .59  11.17  14.20 


VI  0.850.5  1.4150  7.5.3  70..52  70..3  ll.2oi  11.151  (:,< ll..„( )Si  COO  |  11.7  11.0 

VII  0.8420  1.4.371  52.92  .5.3.37  0.3.39  10.7,S  1.5.5  I  CoHigf^Si  03.40  10.05  10.49 


VIII  0.8043  1.4300  81.83  8.3.11  00.35  10.98  9.72  C,5ll3o>’>2Si  00.02  11.18  10.38 

IX  0.8020  1.4289  8.5.21  87.77  07.00  12.51  9.34  f:,Gll3202Si  ‘'7.51  11.31  9.87 


X  0.8018  I  1.4275  93.52|  97.0.3  09.54  12.fM>!  8.70  |  (:,«lloGO,Si  09.2.3  11.0  9..35 


XI  0.8.507  1.4332  90.50  91.40  09.11  11.50  9.70  C„ll„0,Si  08.80  11.40  9.40 


XII  0.8051  1.4421  91..30  91.40  08.51  11.88  9.14  C, 711.340281  08.30  11.40  9.40 

XIII  0.8020  1.4411  105.00  100.29  70.91  11.80  7.82  C2oll4o02Si  70.5  11.80  8.20 


XIV  0.8598  1.1.370  82.14  83.11  00.41  11.08  9.00  1  Ci.r.ll^oOoSi  I  00.02  11.18  10.38 
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Tlio  other  six  y -silicon-containing  acetylenic  alcohols  were  obtained  analogously  and  their  characteristics 
arc  given  in  the  table. 

2.  n-Hutyl  tiiniethylsilylpcntynyl  acetal  (Mil).  To  a  stirred  mixture  of  9  g  of  the  organosllicon 
acetylenic  alcohol  (l-trimcthyLsilyl-n-nicthylpcnt- l-yn-3-ol)  and  6  g  of  vinyl  butyl  ether  was  added  0.2  ml  of 
OS')!? hydrochloric  acid;  the  temperature  of  the  reaction  mixture  then  rose  to  36*.  The  mixture  was  then  heated 
at  90*  for  30  min  and  left  overnight.  On  the  following  day,  the  mixture  was  neutralized  with  baked  potassium 
carbonate,  the  ether  removed,  and  the  residue  distilled  twice  to  yield  4  g  of  product. 

B.p.  145-146"  (7  mm),  d‘’4  0.8643,  n'^D  1.4360,  MRp  81.83.  Ci5ll3o02Si.  Calculated  83.14. 

The  other  six  organosllicon  acetals  were  obtained  analogously  and  their  characteristics  are  given  in  the 

table. 

I 

SUMMARY 

1.  The  following  y -silicon-containing  acetylenic  alcohols  are  described  for  the  first  time:  1-trimethyl- 
silyl-3-mcthylpcnt-l-yn-3-ol,  l-dimethylcthylsilyl-3-mcthylpcnt-l->Ti-3-ol,  1-trimcthylsilylpent-l- >11-3-01, 
l-trimcthylsilyl-3,5-dimethylhcx-l-yn-3-ol,  l-trimethylsilyl-3-mcthylliept-l-yn-3-ol,  l-triethylsilyl-3-methyl- 
hept- 1-)ti-3-o1,  and  l-trimethylsilylhcx-l-yn-3-ol. 

2.  The  presence  of  a  hydroxyl  group  in  the  alcohols  obtained  was  demonstrated  by  the  preparation  from 
them  of  the  corresponding  organosllicon  acetals:  n-butyl  trimethylsilylmcthylpent>Tiyl,  n-butyl  dimethylethylsilyl- 
methylpcntynyl.  n-buryl  tri-thylsilylmethylpentynyl,  n-bntyl  nimethylsilyldimcthylhcxynyl,  n-butyl  trimethyl- 
silylmethylheptyTiyl,  n-butyl  tricthylsilylmethylheptyTiyl,  and  n- butyl  trirnethylsilylhexyTiyl  acetals. 
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PYRAZOLES 

Vm.  SYNTHESIS  OF  FURYLPYRAZOLES 

I.  I.  Grandberg,  A.  N.  Kost.  and  D.  V.  Sibiryakova 

Moscow  State  UniveKity 

Translated  from  Zhumal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  2920-2925, 

September,  1960 

Original  article  submitted  September  10,  1959 

It  was  previously  shown  [1]  that  3-methyl-5-(furyl-2)p)Tazoline  is  converted  into  3-methyl- 5- (furyl-2)- 
pyrazole  in  good  yield  when  heated  with  sulfur.  In  the  present  work  we  investigated  the  dehydrogenation  of  furyl- 
pyrazolines  and  it  was  found  that  this  may  be  a  general  method  for  the  preparation  of  furylp)Tazolcs.  We  chose 
furfural  as  the  starting  material,  condensed  it  with  ketones,  and  then  converted  the  unsaturated  ketones  into  furyl- 
P)TazoIincs. 

As  the  reactivity  of  hydrazines  falls  in  the  series  N2H4,  N2H3Alk.  N2ll3Ar,  the  reaction  of  furfural  ketonesand 
hydrazine  hydrate  proceeded  very  vigorously  with  strong  heat  evolution,  while  the  cyclization  of  furfural  ketones 
with  a  substituted  hydrazine  required  boiling  of  the  reaction  mixture  for  many  hours. 

The  addition  of  hydrazine  to  unsaturated  ketones  with  the  formation  of  p^xazoline  bases  proceeds  through 
the  hydrazone.  In  particular,  we  isolated  crystalline  phcnylhydrazones  of  furfiu-al  ketones.  These  substances  were 
cyclized  only  by  heating  to  190-200°.  There  was  then  very  vigorous  heat  evolution  and  the  process  had  to  be  carried 
out  carefully. 

In  most  cases,  the  furylp)Tazolincs  were  thick  liquids  with  a  specific  odor  and  were  unstable  during  storage. 

It  was  only  with  great  difficulty  tliat  they  gave  derivatives  characteristic  of  p)Tazolincs  (with  phenyl  isocyanate 
and  phenyl  isothiocyanate).  For  identification  of  these  substances,  Wf*  used  the  reaction  with  maleic  anhydride. 

We  assumed  that  like  pyTazoles  [2],  pyrazolines  would  add  maleic  anliydride  at  the  Nil  group  to  form,  after  hy¬ 
drolysis,  N-p)Tazolylsuccinic  acid  (I).  However,  the  presence  of  the  furan  ring  gave  the  possibility  of  diene  syn¬ 
thesis  with  the  formation  of  the  system  (la);  finally,  there  was  the  possibility  of  simple  acylation  with  the  forma¬ 
tion  of  substance  (Ib). 


I 


C0-CH=CH-C00h 

(lb) 

In  the  elucidation  of  this  problem,  it  was  found  that  the  compound  formed  was  not  hydrolyzed  by  water. 
Titration  of  the  adducts  obtained  with  sodium  hydroxide  solution  in  acetone  (with  phenolphthalein)  led  to  the 
conclusion  that  the  adduct  was  a  monobasic  acid  and  consequently  could  only  have  the  structure  (Ib),  i.c,,  was 
an  N-0  -carboxyacryl  derivative  of  pyrazoline. 
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Compound 

^max 

log  c 

1,3-Diphenyl- 5-(furyl-2)p\Tazolc 

255 

4.556 

1- Phenyl- 3- tort -butyl-  5-(furyl-2)- 
pyrazole 

260-265 

3.206 

1-  Benzyl-  3-  phenyl-  5-  (furyl-  2)- 
pyrazole 

252 

4.565 

1-  Benzyl-  3-methyl-  5-(furyl-  2)- 
pyrazole 

265-266 

4.130 

1-  Phenyl-  3-  me  thyl-  5-  (furyl-  2)- 
pyrazole 

260-267 

4.248 

Li  the  synthesis  of  l-isoamyl-3-tert-butyl-5-(furyl-2)pyTazoline,  we  found 
that  pyrazolines  may  be  alkylated  in  high  yield  by  boiling  with  an  alkyl  iodide 
in  the  presence  of  moist  potassium  carbonate.  As  there  is  no  tautonetism  with 
P)Tazolines  [3],  the  process  led  unequivocally  to  a  l-alkylpyrazoline. 

It  should  be  noted  that  the  isolation  of  furylpyrazolines  in  a  pure  form  was 
extremely  difficult.  Nitrogen  was  liberated  during  the  vacuum  distillation  of  a 
fvuylp^aazoline  with  tree  NH  group.  Even  furylpyrazolines  which  were  substituted 
at  the  nitrogen  decomposed  partly  during  vacuum  distillation  in  a  stream  of  inert 
gas  and  acquired  a  light- yellow  to  brown  color. 

The  preparation  of  solid  derivatives  also  was  often  very  complex  and  in  some 
cases  we  were  unable  to  obtain  such  derivatives. 

Our  fears  that  the  furan  ring  would  decompose  at  the  dehydrogenation  tem¬ 
perature  were  found  to  be  groundless.  By  maintaining  the  optimal  temperature 
(in  different  cases  it  varied  over  the  range  of  170-190*),  we  were  able  to  obtain 
a- furylp)Tazole  in  quite  high  yields.  For  example,  the  yield  was  almost  quanti¬ 
tative  in  the  case  of  l-butyl-3-tert-butyl-5-(fiu:yl-2)pyrazole. 

The  method  was  cxixemely  simple  experimentally.  Wc  heated  1  mole  of  pyrazoline  to  170*  in  a  Claisen 
flask  without  a  fractionating  column  and  added  1  mole  of  sulfur  in  portions  over  a  period  of  1  lir.  At  the  end  of 
the  liberation  of  hydrogen  sulfide,  the  reaction  mLxturc  was  vacuum  distilled. 

It  should  be  noted  that  when  very  well- purified  p\Tazolincs  were  used,  the  yields  were  close  to  quantitative  ’ 
and  the  dehydrogenation  proceeded  so  smoothly  that  the  color  of  tlie  reaction  mixture  remained  light  brown.  How¬ 
ever,  from  the  preparative  point  of  view  it  was  usually  unnecessary  to  carry  out  the  quite  laborious  purification  of 
the  p)razolines  as  the  pyrazoles  could  be  oLtaiiii.d  readily  in  a  pure  state  after  dehydrogenation. 

The  ultraviolet  absorption  spectra  of  the  furylpyrazoies  had  an  absorption  band  in  the  region  of  252- 267  mp 
(see  figure)  and  all  phenylpvrazoles  have  almost  the  same  band  [4]. 

EXPERIMENTAL 

Synthesis  of  furfural  ketones.  A  mixture  of  3  moles  of  freshly  distilled  furfural,  3  moles  of  freshly  distilled 
ketone,  and  300  ml  of  methanol  was  cooled  to  ~15*  and  tlicn  a  solution  of  11  g  of  sodium  in  150  ml  of  methanol 
added  dropwise  with  very  vigorous  stirrmg  and  the  temperature  maintained  at  from  “10  to  “5*.  The  reaction  mix¬ 
ture  was  then  stined  at  0-5*  for  4  lir  and  left  at  room  temperature  for  a  day. 

The  reaction  mixture  was  diluted  with  1000  ml  of  water,  acidified  with  30  g  of  glacial  acetic  acid,  and  the 
heavy  layer  of  furfural  ketone  extracted  with  carbon  tetrachloride.  The  solvent  was  removed  (without  drying)  and 
the  residue  vacuum  distilled.  The  constants  of  the  ketones  obtained  in  this  way  are  given  below. 


Form  of  characteristic 
curve  for  the  absorption 
spectra  of  furylpyrazoies. 
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Furfural  acetone,  yield  lO^o,  b.p.  110-115“  (9  mm),  m.p.  37-39*  [5];  furfural  pinacolin,  yield  S3%  b.p. 
139-141*  (15  mm)  [6J;  furfural  acetophenone,  yield  SS'^o,  b.p.  181-183*  (9  mm)  [7];furylacrolein,  yield  307'’, 
b.p.  97-100*  (9  mm),  m.p.  53-54*  [8]. 

Preparation  of  pyrazolincs.  3- Methyl-  5-  (furyl-  2)p)Tazoline  •  A  mixture  of  299.5  g  of  furfural  acetone  and 
110  ml  of  methanol  was  heated  to  boiling  in  a  1- liter  flask  with  a  reflux  condenser  and  a  dropping  funnel.  With 
the  mixture  boiling  gently,  130  g  of  967’ hydrazine  hydrate  was  added  dropwise  at  such  a  rate  that  the  mixture 
boiled  due  to  the  heat  evolved  by  the  reaction.  The  mixture  was  tlien  boiled  for  a  further  1.5  hr  and  the  alcohol, 
water,  and  excess  hydrazine  removed  in  a  water- pump  vacuum  in  a  stream  of  inert  gas  until  the  temperature  of 
the  mixture  reached  100*.  The  residue  was  vacuum  distilled.  We  obtained  268  g  (747’)  of  3- methyl- 5- (furyl- 2)- 
pyrazolinc  with  b.p.  125-126*  (20  mm)  [9]. 

The  phenylthiocarbamidc  derivative  was  obtained  by  heating  a  mixture  of  2.3  g  of  this  pyrazoline  and 
2.3  g  of  phenyl  isotliiocyanatc  in  10  ml  of  methanol.  On  cooling,  the  mixture  deposited  4.4  g  (987j)  of  substance 
with  m.p.  133-134*  (from  methanol).  Literature  data;  m.p.  135*  [9) 

The  N,B  -carboxyacryl  derivative  was  obtained  by  mixing  1.5  g  of  3- methyl- 5- (furyl- 2)pyrazoline  with 
1.0  g  of  maleic  anhydride  in  10  ml  of  benzene  in  the  cold.  The  precipitate  weighed  1.8  g  (707>)  and  had  m.p. 161* 
(from  benzene). 

Found  %  N  11.65,  11.77.  M  246.1,  247.6.  C12H12O4N2.  Calculated  7'^  N  11.28.  M  248.4. 

3- Phenyl-  5- (furyl-  2)pyrazoline  was  obtained  analogously  from  118  g  of  furfural  acetophenone  and  31.8  g 
of  hydrazine  hydrate.  The  yield  of  unpurified  substance  was  115  g  (827o).  In  an  attempt  at  vacuum  distillation 
at  5  mm,  the  p)Tazoline  began  to  decompose  vigorously  with  the  evolution  of  nitrogen  and  therefore  it  was  used 
for  the  next  reaction  without  further  purification. 

The  phenylthiocarbamidc  derivative  had  m.p.  171-172*  (from  methanol). 

Found  7t  N  12.45,  12.45.  C20H17ON3S.  Calculated  7't  N  12.09. 

The  N, 6 -carboxyacryl  derivative  had  m.p.  182-183*  (from  acetone). 

Found  7'i  C  65.88,  65.95;  H  4.62.  4.62.  M  300.4.  297.6.  C17H14O4N2.  Calculated  %  C  65.80;  H  4.54. 

M  310.3. 

3-tert-Dutyl-5-(furyl-2)p)Tazolinc.  From  50  g  of  furfural  pinacolin  and  19  g  of  hydrazine  hydrate  we  ob¬ 
tained  49  g  (967'’)  of  3-tcrt-butyl-5-(furyl-2)p)Tazolinc  by  the  method  described  above. 

B.p.  1.39-141*  (15  mm).  n^^D  1.5050,  d‘®4  1.0367.  MR^  55.01;  calc.  55.18. 

The  phenylthiocarbamidc  derivative  had  m.p.  164.5-165*  (from  methanol). 

Found  7*1  N  13.14.  12.86.  CyH2iON3S.  Calculated  7'’:  N  12.80. 

5-(furyl-2)p>Tazoline  was  obtained  analogously  from  122  g  of  furylacrolein  and  52  g  of  hydrazine  hydrate 
in  207'’  yield  (32  g). 

B.p.  103-105*  (3  mm).  n^°D  1.5520,  d^4  1.1520,  MRp  37.07;  calc.  37.76. 

The  phenylthiocarbamidc  derivative  had  m.p.  145-146*  (from  methanol). 

Found  7i  C  62.08,  62.05;  H  5.07,  4.92.  C14M13ON3S.  Calculated  7;  C  61.99;  II  4.81. 

The  N, 6 -carboxyacryl  derivative  had  m.p.  142-143“  (from  acetone). 

Found7o:  N  11.88,  11.89.  M  230.3,  232.7.  C11II10O4N2.  Calculated  7:  N  11.99.  M  234.3. 

1- Butyl- 3- ten- butyl-  5-(furyl-2)p)TazoIine.  A  solution  of  19.7  g  of  furfural  pinacolin  in  30  ml  of  butanol 
was  added  to  9  g  of  butylhydrazino  in  a  flask  with  a  reflux  condenser.  The  reaction  mixture  tliereupon  acquired 
a  green  color  and  tlicn  lightened  after  shaking.  The  mixture  was  boiled  for  2  hr.  the  solvent  remo''ed  in  vacuum, 
and  the  residue  distilled.  We  obtained  10,1  g  (71.57o)  of  p)T:azoline. 

B.p.  143-146*  (14  mm).  n^D  1.4909,  d“4  0.9751,  MRp  73.76;  calc.  74.02. 

Found  7::  N  11.01,  11.06.  CisH^ONj.  Calculated  7;  N  11.28. 


2898 


l-Benzyl-3-inctr.yl-5-(furyl-2)p\Tazolinc  was  obtained  from  102  g  of  furfural  acetone  and  91.5  g  of  benzyl- 
hydrazine  in  30  ml  of  biuanoi,  which  was  heated  for  4  lir  in  a  flask  with  a  reflux  condenser  and  then  vacuum 
distilled.  The  yield  was  111  g  (63‘7o). 

B.p.  176- 178“ (11  mm),  n^D  1.5666,  d^\  1.1096,  MR^  71,59;  calc.  71.42. 

Found  <7^.  N  11.72,  11.34.  CijUigONz.  Calculated  %  N  11.66. 

l-Isoamyl-3-tert-butyl-5'(furyl-2)p\T:azoline.  3-iert-Butyl-5-(furyl-2)-p)Tazoline  was  obtained  by  the 
above  procedure  from  35.6  g  of  furfural  pinacolin  and  13  g  of  hydrazine  hydrate.  After  removal  of  the  solvent, 
excess  hydrazine,  and  water,  to  the  reaction  mixture  were  added  49.5  g  of  isoamyl  iodide  and  50  g  of  carefully 
ground  potassium  carbonate,  slightly  moistened  with  water.  The  mixture  was  boiled  under  reflux  for  6  hr  and 
diluted  with  water  until  the  potassium  carbonate  dissolved;  the  cily  layer  was  separated  and  vacuum  distilled. 

We  obtained  43.4  g  calculated  on  the  ketone)  of  1- isoamyl- 3- tert- butyl- 5- (furyl-2)pyrazoline. 

B.p.  159-161“  (17  mm),  n^D  1.4828,  0.9622,  MRp  77.84;  calc.  78.64. 

Found  N  11.30,  11.25.  CigIIzgONz-  Calculated  N  10.67. 

1- Phenyl- 3- methyl- 5- (furyl- 2)pyrazoline .  A  mixture  of  102  g  of  furfural  acetone,  50  ml  of  alcohol,  and 
81  g  of  phcnyUiydrazine  was  heated  for  3  hr  in  a  flask  with  a  reflux  condenser.  The  alcohol  and  water  were  distilled 
from  the  pheiiylhydrazonc  formed  in  a  water- pump  vacuum.  The  residual  phenylhydrazone  was  heated  to  200-210*; 
vigorous  cyclizaiion  then  occurred  and  the  mixture  heated  up  to  250-255“.  The  reaction  mixture  was  heated  for 
a  f'Uthcr  liour  at  200-230“  and  vacuum  distilled.  We  obtained  95  g  (56S^  of  l-phenyl-3-methyl-5-(furyl-2)- 
pyTazolinc.  It  had  b.p.  208-211“  (35  mm)  and  m.p.  99.5-100.5“  (from  ligroin). 

Found  N  12.40,  12.28.  C^HiiONz.  Calculated  "/o;  N  12.38. 

Deliydrogcnation  of  pyrazolines.  A  Claisen  distillation  flask  with  a  thermo.neter  passing  into  the  reaction 
mixture,  but  without  a  fractionating  column,  was  Vs  filled  with  the  starting  pyTazoline  and  1-1.5  g  of  sulfur  added. 
The  reaction  mixiure  was  heated  until  ihe  evolution  of  hydrogen  sulfide  began  (160-180“)  and  this  was  ignited  at 
the  outlet  tube.  The  temperature  was  kept  at  a  level  at  wiiich  the  flame  was  no  more  than  0.5- 1.0  cm  long  (170- 
180*).  As  the  evolution  of  liydrogen  sulfide  ceased,  fresh  portions  of  sulfur  (1.5- 2.0  g  each)  were  added.  When  an 
equimolar  amount  of  sulfur  had  been  added  and  the  liberation  of  hydrogen  sulfide  finally  ceased,  the  reaction  mix¬ 
ture  was  vacuum  distilled.  The  yields  and  constants  of  the  pyrazoles  obtained  by  this  method  are  given  below. 

3(5)- Mctliyl-  5(3)- (furyl- 2)p)Tazolo;  yield  76%,  b.p.  172-177*  (19  mrn),  m.p.  89-90*  (from  a  mixture  of 
ligroin  and  benzene)  [1]. 

Found  7(?  N  19.03.  19.00.  CgllgONz.  Calculated  7o;  N  18.90. 

The  picrate  had  m.p.  133-134“  (from  407^  alcohol)  [1]. 

Found  7t  N  18.79.  18.71.  CgHgONz  •  CCH3O7N3.  Calculated  7:  N  18.56. 

3(5)-Phcnyl-5(3)-(fiiryl-2)p\Tazole;  yield  857o,  b.p.  233-234“  (12  mm),  240-241*  (16  mm),  m.p.  174-174,5* 
(from  benzene)  [10]. 

Found  7:  N  13.19.  13.19.  CiallioONj.  Calculated  7i  N  13.33. 

The  picrate  had  m.p.  139-140“  (from  methanol). 

3(5)-  tert  -  Butyl-  5(3)-  (furyl-  2)p>Tazole;  yield  70  Tv  b.p.  174-175“  (14  mm).  178-179*  (16  mm),  m.p.  141- 
142"  (from  benzene). 

Found  7<i  C  69.46,  69.38;  H  7.38,  7.58.  CuHi40N2-  Calculated  7i  C  69.47;  H  7.37. 

The  picrate  had  m.p.  173-174“  (decomp. .  from  methanol). 

1-Phenyl- 3- methyl- 5- (furyl- 2)pyT:azone ;  yield  6l7i 

B.p.  183-185*  (9  mm),  n^^D  1.6020,  d^4  1.1295,  MRp  69.71;  calc.  66.34. 

Found  7t  N  12.37,  12.59.  C14H12ON2  •  Calculated  7i  N  12.49. 
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1.3-Diphenyl-5-(furyl-2)pyrazole:  yield  56'7o,  b.p.  239-242*  (12  mm),  245-250*  (15  mm),  thick  oil. 

Found  N  9.68,  9.52.  C^HmONj.  Calculated  N  9.78. 

1- Phenyl- 3- tert- butyl- 5- (furyl- 2)pyrazole:  yield  63%  b.p.  188-189*  (15  mm)  viscous  mass. 

Found  %  C  76.69,  76.84;  H  7.14,  7.16.  CnHisONj.  Calculated  %  C  76.69;  H  6.76. 

1- Butyl- 3- tert -butyl- 9- (furyl- 2)p\Tazole;  yield  99%. 

B.p.  139-141*  (8  mm),  n”D  1.5150,  d”4  1.0001,  KlRp  73.55;  calc.  73.74. 

Found  %  N  11.27.  11.01.  C15H22ON2.  Calculated  %  N  11.37. 

1- Benzyl- 3- methyl-  5- (furyl- 2)pyrazone :  yield  88% 

B.p.  180-182*  (12  mm),  n^D  1.5922,  d”4  1.1144,  MRp  70,52;  calc.  69.96. 

Found  %  N  11.68,  11.64.  Ci5Hi40N2-  Calculated  %  N  11.74. 

1- Isoamyl- 3- tert- butyl- 5-(furyl- 2)  pyrazole:  yield  86% 

B.p.  175-180*  (33  mm).  n^^D  1.5063,  0.9956,  MRp  78.70;  calc.  78.18. 

Found  %  N  10.59,  10.82.  C16H24ON2.  Calculated  %  N  10.76. 

1-Benzyl- 3-phenyl- 5- (furyl- 2)p>Tazole:  yield  61%  b.p.  220-230*  (9  mm),  m.p.  76-77*  (from  ligroin). 

Found  %  N  9.50,  9,24.  C20H16ON2.  Calculated  %  N  9.33. 

1- Benzyl- 3- tert- butyl- 5- (furyl- 2)pyrazolc .  1-Benzyl- 3-tert-butyl-5-(furyl-2)pyrazoline  was  obtained  by 
the  procedure  described  above  from  59.1  g  of  furfural  pinacolin  and  36.6  g  of  benzylhydrazine  in  50  ml  of  alcohol. 
After  removal  of  tlie  alcohol  and  water  in  vacuum  (temperature  in  mixture  130°),  the  reaction  product  was  dehy¬ 
drogenated  by  heating  with  9.6  g  of  sulfur  at  155-175*.  We  obtained  70.5  g((84%,  calculated  on  the  ketone),  of 
l-benzyl-3-tert-butyl-5-(furyl-2)pyrazole  with  b.p.  195-197*  (14  mm)  and  m.p.  91-92*  (from  ligroin). 

■Found  %  N  9.98,  9.79.  CigH2oON2-  Calculated  %  N  9.99. 

SUMMARY 

1.  A  method  was  developed  for  the  synthesis  of  1-substituted  5-(furyl-2)pyrazolines. 

2.  It  was  shown  that  the  reaction  of  pyTazolines  that  are  unsubstituted  at  the  nitrogen  atom  with  maleic 
anhydride  is  simple  acylation. 

3.  It  was  found  that  the  dehydrogenation  of  various  5-(furyl-2)p)Tazolines  with  sulfur  smoothly  forms 
5-(furyl-2)pyrazoles  without  touching  the  furan  ring. 
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In  the  work  of  A.  P.  Terent’ev  and  R.  A.  Gracheva  it  was  shown  that  the  oxidation  of  amines  or  alcohols 
of  the  furan  scries  is  a  general  method  of  s)’nthesizing  amino  and  hydroxy  acids  [1].  The  basic  method  consists 
of  complete  destruction  of  the  furan  ring,  from  which  only  the  carboxyl  carbon  atom  rcmaii.s  in  the  compound 
formed.  Having  developed  a  convenient  method  for  tile  synthesis  of  furylpyrazoles  [2],  we  canied  out  a  scries 
of  experiments  on  the  oxidation  of  these  compounds  to  prepare  p>Tazolecarboxylic  acids.  Available  literature 
methods  for  the  synthesis  of  p)'razolccarboxylic  acids  arc  based  cither  on  the  cyclization  of  difficultly  accessible 
B  -diketo  acids  [3]  and  also  on  more  accessible  acetylenic  acids  fl]  and  heterocyclic  compounds  [5]  v/ith  hydrazine 
and  diazoalkancs  or  on  the  oxidation  of  side  chain  of  alkylpyrazoles.  The  oxidation  of  side  chains  of  alkylpyraz- 
olcs,  which  is  die  most  common  method  of  synthesizing  the  acids,  is  always  ill -defined  [6,  7]  and  dierefore  it  is  im¬ 
possible  to  use  diis  method  to  obtain  an  acid  widi  the  carboxyl  group  in  a  definite  position  in  the  nucleus.  Tlie suc¬ 
cessful  attempt  of  Snyder  [8]  to  introduce  a  carboxyl  group  into  die  pyrazole  nucleus  through  an  organolithium 
compound  is  the  only  example  of  diis  reaction  as  yet. 

We  attempted  the  oxidation  of  the  furan  ring  in  furylp)Tazoles  with  various  oxidants  such  as  some  hydrogen 
peroxide  in  neutral,  acid,  and  alkaline  media  and  in  pyTidine,  performic  and  peracetic  acids,  nitric  acid  at  various 
concentrations,  potassium  hypobromite,  chromic  anliydride,  and  chromic  acid.  None  of  these  cases  led  to  the  desired 
results.  There  was  either  considerable  tar  formation  or  it  was  impossible  to  isolate  the  pyTazoIecarboxylic  acid  from 
the  reaction  mixture. 

We  therefore  used  the  general  method  of  oxidation  with  neutral  permanganate,  but  introduced  some  changes 
during  the  work.  Thus,  it  was  found  that  there  was  no  need  to  use  permanganate  solution.  It  was  much  simpler 
to  add  solid  pennanganate  to  a  suspension  or  emulsion  of  furylpyrazole  in  a  small  amount  of  water  as  the  perman¬ 
ganate  was  reduced.  This  considerably  decreased  the  volume  and  tlie  time  of  treatment  of  the  reaction  mixture 
after  the  oxidation. 

In  the  oxidation  of  furylpyrazoles  under  the  conditions  given,  no  alkyl  radicals  were  affected  in  any  case 
and  we  were  able  to  obtain  a  series  of  pyiazolecarboxylic  acids  in  high  yields.  Thus,  the  oxidation  of  3-methyl- 
5-(furyl-2)p)Tazole  gave  a  69^/>  yield  of  3- me thylpyrazolc- 5- carboxylic  acid  (I). 


(I) 
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No  difficulties  were  encountered  in  the  synthesis  of  various  phenylpyrazolecarboxylic  acids.  However,  it 
should  be  noted  that  the  reaction  conditions  had  to  be  adhered  to  strictly  in  the  oxidation  of  l-benzylfurylpyrazples 
as  otherwise  the  reaction  was  much  more  complex  and  this  will  be  the  subject  of  a  special  communication. 

Having  a  simple  method  of  synthesizing  pyrazolecarboxylic  acids,  we  decided  to  examine  the  possibility 
of  using  the  acid  chlorides  of  these  acids  in  the  Friedel~Ctafts  reaction 

We  convened  the  pyrazolecarboxylic  acids  into  the  acid  chlorides  by  heating  them  for  many  hours  with 
excess  thionyl  chloride.  After  removal  of  the  excess  thionyl  chloride  in  vacuum,  the  acid  chloride  hydrochlorides 
were  used  for  subsequent  syntheses  without  purification. 

It  was  found  that  the  acid  chlorides  smoothly  underwent  a  Friedel" Crafts  reaction  with  benzene,  mesitylene, 
cumene,  and  anisole.  It  was  impossible  to  isolate  individual  substances  from  the  condensation  of  3-methyl-pyrazole 
5-carbonyl  chloride  with  phenetole  and  diphenyl  oxide. 

The  ketones  obtained  in  this  way  did  not  give  the  normal  reactions  for  a  ketone  group  (phenylhydrazones, 
hydrazones,  and  oximes),  which  is  characteristic  of  benzoylpyrazoles  [9]. 

We  then  carried  out  an  intramolecular  condensation  with  1-benzyl- 3- methylpyrazole- 5- carboxylic  acid  (11). 
Under  the  conditions  of  the  Fricdel~Crafts  reaction,  its  acid  chloride  was  cyclized  to  form  2-methyl-lO-keto- 
4,5,10-H- pyrazole - (2,3)-  isoquinoline  (HI). 


A  pyrazoloisoquinoline  containing  a  tert-butyl  instead  of  a  methyl  radical  vras  prepared  analogously.  The 
pyrazoloisoquinolines  synthesized  in  this  way  were  high-melting  substances,  which  did  not  dissolve  in  alkalis,  but 
dissolved  in  concentrated  strong  acids;  the  structure  of  these  compounds  was  confirmed  by  determination  of  the 
molecular  weight  and  ultraviolet  and  infrared  spectra.* 

In  attempts  to  carry  out  an  intramolecular  condensation  of  1-phcnylpyrazole- 5- carboxyl  chlorides  under 
the  same  or  analogous  conditions,  it  was  found  that  this  type  of  condensation  does  not  occur,  evidently  due  to  the 
fact  that  a  cyclic  compound  formed  would  have  high  bond  strain. 
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The  carboxyl  group  attached  to  the  pyrazole  nucleus  hardly  displaced  the  absorption  band  characteristic 
of  the  nucleus  [10].  Thus,  3(5)-methyl-.5(3)-p)T3Zolecarboxylic  acid  (I)  had  a  spectrum  which  was  almost  anal¬ 
ogous  to  that  of  3,5-dimcthylp)Tazole.  Acids  with  a  phenyl  substituent  in  any  position  in  the  nucleus  had  an 
absorption  band  in  the  same  region  (245-260  mp)  as  phenylpyrazoles  [10]  (Fig.  1.). 

The  absorption  band  of  benzoylpyrazole  lay  in  the  region  characteristic  of  phcnylp>razolcs  (Fig.  2). 


In  addition  to  a  maximum  in  the  region  of  260  mp  (Fig.  2),  which  is  characteristic  of  benzoylpyrazole,  the 
spectrum  of  pyrazoloisoquinoline  had  a  second  maximum  in  the  region  of  280  mp. 


•The  ultraviolet  spectra  were  plotted  for  methanol  solutions  and  the  infrared  spectra  were  plotted  without  solvent. 
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Fig.  1.  Absorption  spectra  of  pyrazole- 
carboxylic  acids.  1)  3-M..:thylp)'razole- 
5- carboxylic  acid;  2)  l-phenyl-3-tert- 
butylp)Tazole- 5-carboxylic;  acid 
(X,nax  245  mp  ,  log  e  4.00);  3)  3-phenyl- 
pyrazolc- 5-carboxylic  acid  250 mp, 

log  e  4.05);  4)  l,3-diphcnylp>Tazole-5- 
carboxylic  acid  (Xj^.|^j^  260  mp,  loge 
4,361.  5)  3-tert-butylpyrazole- 5-car¬ 

boxylic  acid. 


Fig.  2.  Absorption  spectra  of  keto 
comjiounds.  1)  l-Phi:nyl-3-methyl- 
5-benzoylp\Ta.zole  (Xmax  252  mp , 
log  e  4.30);  2)  2-methyl-lO-keto- 
4,5,10-H-  pyTazolo- (2,3)- isoquinoline 
^^max  e  4.06,  4.07). 


The  infrared  spectrum  of  1- phenyl* 3- methyl- 5- 
benzoylpyrazole  had  frequencies  characteristic  of  a 
monosubstituted  benzene  nucleus  (756,  766,  and  1606  cm'^) 
and  a  carbonyl  group  (1654  cm’^). 


The  infrared  spectra  of  the  pyTazoloisoquinoiines  contained  frequencies  characteristic  of  a  benzene  nucleus 
(1606  and  1600  cm"^),  carbonyl  group  (1662  and  16.5C‘'),  and  1,2-disubstituted  benzene  (1220  and  1206  cm"^). 

Despite  an  article  which  appeared  recently  [11],  unfortunately  there  are  still  insufficient  literature  data 
on  the  infrared  spectra  of  pyrazolcs  to  draw  definite  conclusions  on  the  frequencies  corresponding  to  the  py^azole 
nucleus. 


EXPERIMENTAL 

Oxidation  of  furylpvTazoles.  A  solution  ot  0.1  mole  of  furylpyTazole  in  a  mixture  of  50  ml  of  benzene  and 
2  ml  of  acetone  was  added  to  400  ml  of  water  with  very  vigorous  stirring  at  18-20*.  Then  the  theoretical  amount 
of  potassium  pennanganatc  (84,4  g)  was  added  in  portions  of  5-8  g  over  a  period  of  5-8  hr  with  vigorous  stirring 
at  20-25*.  When  all  the  permanganate  had  been  reduced  (1-3  days),  the  mixture  was  heated  to  boiling  for  better 
coagulation  of  the  manganese  dioxide  and  filtered  under  suction  m  the  hot  state.  The  residue  was  washed  three 
times  by  boiling  with  150-200  ml  of  water.  The  combined  filtrates  were  evaporated  to  60-70  ml,  cooled,  and 
carefully  acidified  with  60  ml  of  15% hydrochloric  acid.  The  precipitated  pyrazolecarboxylic  acid  (sometimes 
it  was  an  oil  v;hich  crystallized  quite  slowly)  was  collected,  dried,  and  recrystallized.  The  yields  and  constants 
of  the  acids  obtained  in  this  way  are  given  below. 

3(5 )-MethylpyTazolc-5(.3)- carboxylic  acid;  yield  69%,  m.p.  240-241*  (from  water).  Literature  data;  m.p. 
236-238*  [12]. 

Found  M*  124.9,  124.6.  CsHgOzNz.  Calculated  M  126.2. 

•Titration  with  phenolphthalein  in  acetone. 
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3(5)-PhenyIp>Tazolc-5(3)-carboxylic  acid:  yield  73%,  m.p.  231-232*  (in  a  sealed  capillary,  from  a  mixture 
of  water  and  methanol).  Literature  data:  m.p.  231-232’  [13]  and  233-234*  [14]. 

Found  M*  190.0,  189.0.  C^H^OaNz-  Calculated  M  188.2. 

3(5)- tert-Butylpyrazole- 5 (3)- carboxylic  acid:  yield  67%  m.p.  183-185*  (in  a  sealed  capillary,  from  a 
mixture  of  ligroin  and  benzene). 

Found  %  C  57.34.  57.56;  H  7.33,  7.39.  M  172.1,  170.6.  CgHjaGaNa .  Calculated  %  C  57.14;  H  7.14. 

M  168.1. 

l-Phenyl-3-methylpyrazole-5-carboxylic  acid:  yield  70%,  m.p.  188-189*  (in  a  sealed  capillary  from  a 
mixture  of  ligroin  and  benzene).  Literature  data:  m.p.  189-190*  [15]. 

Found  %  N  14.28,  13.89,  M  202.3,  200.8.  CnHioOaNa.  Calculated  %  N  13.86.  M  202.3. 

l,3-DiphenylpyTazole-5-carboxylic  acid:  yield  34%,  m.p.  217-218*  (in  a  sealed  capillary,  from  a  mixture 
of  ligroin  and  benzene). 

Found  %  N  10.80,  10.70.  M  254,  251.9.  C16H12O2N2.  Calculated  %;  N  10.66.  M  264.2. 

l-Phcnyl-3-tert-butylpyrazole-5-carboxylic  acid:  yield  65%,  m.p.  149-151*  (in  a  sealed  capillary,  from 
a  mixture  of  ligroin  and  benzene). 

Found  %:  N  10.99,  10.90.  M  243.1,  243.4.  Ci4Hi602N2.  Calculated  %  N  11.31.  M  244.3. 

1- Benzyl- 3- methylpyrazole- 5- carboxylic  acid:  yield  81%,  m.p.  153-  154*  (in  a  sealed  capillary,  from  a 
mixture  of  ligroin  and  benzene).  Literature  data:  m.p.  156“  [16]. 

Found  %  N  13.12,  13.18.  M  215.9,  214.9.  Ci2Hi202N2-  Calculated  %:  N  12.96.  M  216.2. 

1-Benzyl- 3-tcrt-butylpyTazole-5-carboxylic  acid:  yield  70%  m.p.  117-118*  (in  a  sealed  capillary,  from 
a  mixture  of  ligroin  and  benzene). 

Found  7<r  N  10.60,  10.49.  M  269.7,  258.9.  Ci5Hi802N2-  Calculated  %  N  10.89.  M  258.3. 

l-Butyl-3-tert-butylpyrazole-5-carboxylic  acid:  yield  70%,  m.p.  99-100*  (in  a  sealed  capillary,  from 
ligroin). 

Found  %  N  12.07,  12.19.  M  222.1,  260.61.  C12H20O2N?  •  Calculated  %  N  12.49.  M  224.2. 

1- Isoamyl- 3- tert  butylpyrazole- 5- carboxylic  acid:  yield  30%  m.p.  87-88“  (in  a  sealed  capillary,  from 
ligroin). 

Found  %  N  12.01,  11.92.  M  236.3,  237.5.  C13H22O2N2  ■  Calculated  %:  N  11.75.  M  238.3. 

1- Phenyl- 3- methyl-  5-benzoylpyrazole.  A  mixture  of  10.1  g  of  1- phenyl- 3- meihylpyrazole- 5- carboxylic 
acid  and  15  ml  of  thionyl  chloride  was  heated  in  a  flask  with  a  reflux  condenser  for  6  hr.  After  removal  of  the 
excess  thionyl  chloride  by  distillation,  the  acid  chloride  obtained  was  dissolved  in  80  ml  of  anhydrous  benzene; 

10  g  of  anhydrous  aluminum  chloride  was  added  to  the  mixture  with  vigorous  stirring  and  cooling  to~10“.  The 
reaction  mixture  was  left  overnight  and  then  decomposed  with  ice.  After  the  mixture  had  been  made  alkaline 
with  concentrated  sodium  hydroxide  solution  (until  the  aluminum  hydroxide  dissolved),  the  benzene  layer  separ¬ 
ated,  and  the  benzene  removed  by  distillation,  the  residue  crystallized.  We  obtained  8.5  g  (65%)  of  the  5-benzoyl¬ 
pyrazole  with  m.p.  77-79“  (in  a  sealed  capillary,  from  ligroin).  No  picrate  was  formed. 

Found  %  N  10.52.  10.71.  CnH^ONz-  Calculated  %  N  10.67. 

Infrared  spectrum:  684,  692,  728,  756  weak,  766  intense.  798,  820,  834,  852  weak.  860,  902  intense, 

912  weak.  940,  976,  1000,  1012.  1024,  1036  weak.  1050  weak.  1076,  1116,  1140,  1148,  1238,  1294  intense.  1322. 
1390  intense,  1466  intense.  1606,  1654  intense  cm'^. 

•Titration  with  phenolphthalein  in  acetone. 
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l-PhcnyI'3-mcthyl-5-(2’.4',f)'-rrimethylbonzoynp\T.izole  was  obtained  analogously  front  5  g  of  1-phenyl- 
.'3-inetl’.ylp)Tarole- 5-carboxylic  acid  and  mcsitylene.  The  yield  vras  4.5  g  (GO'^f’)  and  the  product  formed  a  thick, 
glassy  oil.  It  had  b.p.  228-233*  (7  mni).  n^^D  1.5720.  d^4  1.0533.  It  did  not  form  a  picrate,  phenylhydrazone,  or 
oxime. 

Found  ‘7:  N  9.21.  9.3G.  Ce^^lIzoON,.  Calculated  N  9.21. 

l-Plienyl-3-niethyl-5-(4’-isopropylbenzoyl)pyTazolc  was  obtained  from  5  g  of  l-phenyl-3-methylpyrazole- 
5-carboxyiic  acid  ."nd  cumene.  The  yield  was  3.2  g  (42^  cf  a  thick,  glassy  liquid.  It  had  b.p.  232-237*  (7  mm), 
n^'^D  1  5746.  d^°4  1.0542.  It  did  not  form  a  picrate,  phenylhydrazone.  or  oxime. 

Found  ‘7’.  N  9.48,  9.01.  C20II20ON2.  Calculated  N  9.21. 

1- Phenyl-3-mcthvl-5  t4'-mcthoxybcnzovl)pyTazole.  A  mixture  of  5  g  of  1- phenyl- 3- mcthylpyrazole- 
5-carboxylic  acid  and  12  ml  of  thionyl  ciiloridc  v.ms  heated  for  8  hr  in  a  flask  with  a  reflux  condenser  and  then 
tne  excess  thionyl  chloride  v;as  removed  in  vacuum.  The  acid  chloride  was  diluted  with  3<^  ml  of  carbon  disulfide 
and  a  solution  of  2.7  g  of  anisole  in  carbon  disulfide  added  with  cooling.  Then  10  g  ci  anhydrous  aluminum  chlo¬ 
ride  vas  added  with  vigorous  stirring.  After  the  usual  treatment  and  removal  of  the  solvent  by  distillation,  the 
residue  was  vacuum  distilled.  We  obtained  2.8  g  (307p)  of  a  thick,  vitreous  substance  with  b.p.  239-245*  (8  mm). 

Found  N  9.92,  9.85.  CigHjeOzNi-  Calculated  %  N  9.58. 

2- Mcthyl-10-kcto-4,5,10-H-p>Tazolo-(2,3)-isoquinoIinc.  A  mixture  of  9.8  g  of  l-bcnzyl-3-methylpyrazole- 
5-carbox)lic  acid  .Tiid  15  ml  of  thionyl  chloride  was  heated  for  8  lu  in  a  flask  with  a  reflux  condenser.  The  excess 
thionyl  chloride  was  then  removed  in  vacuum  and  to  the  residual  viscous  brown  acid  chloiide  was  added  16  g  of 
anhydrous  aluminum  chloride  in  portions  with  vigorous  trituration.  The  reaction  proceeded  very  vigorously  and  a 
considerable  amount  of  hydrogen  chloride  was  liberated.  The  reaction  mixture  was  left  overnight  and  decomposed 
with  ice  and  then  concentrated  sodium  hydroxide  vtas  added  until  the  precipitate  of  aluminum  hydroxide  dissolved. 
After  extraction  with  benzene  and  removal  of  the  latter,  the  thick,  high-boiling  substance  was  vacuum  distilled 
(b.p.  203-218*  at  9  mm)  and  recrystallized  from  a  mixture  of  ligroin  and  benzene.  We  obtained  2.3  g  (25%)  of 

the  pyrazoloisoqu incline  with  m.p.  156-158*  (in  a  sealed  capillary,  from  ligroin).  It  did  not  form  a  picrate. 

Found  C  72.87.  72.C4;  H  5.24,  5.17;  N  14.09,  13.98.  CizHioONj.  Calculated  %  C  72.71;  H  5.08;  N  14.14. 

Infrared  spectrum;  690,  708.  728,  778,  794,  830  intense.  870,  892,  932  intense.  956,  976,  1016,  1036,  1050, 
1140,  1220,  1258,  1280,  1388  v. intense,  1462-1472  v.  intense,  1606,  1662  intense  cm'^. 

2-tcrt-Butyl-10-keto-4,5,10-H-pyTazolo-(2,3-b)-isoquinolinc.  A  mixture  of  0.5  g  of  l-benzyl-3-tert- 
butylpyTazolc-5-carboxylic  acid  and  1.5  ml  of  thionyl  chloride  was  heated  for  8  hr  in  a  flask  with  a  reflux  con¬ 
denser.  After  removal  of  the  thionyl  chloride,  the  acid  chloride  v:as  diluted  with  5  ml  of  carbon  disulfide  and 
tlien  7  g  of  anhydrous  aluminum  chloride  was  added  with  cooling.  The  reaction  mixture  was  decomposed  with 
ice  after  15  hr,  treated  with  concentrated  alkali,  and  extracted  with  benzene.  The  benzene  layer  was  separated 
and  evaporated  and  the  precipitate  recrysrallizcd  from  ligroin.  We  obtained  180  mg  (3670)  of  the  pyrazolonoiso- 
quinoline  with  m.p.  198-200°  (in  a  sealed  capillary). 

Found  C  74.61.  74.58,  H  6.83.  6.78;  N  12.02,  11.85.  C15H16ON2  Calculated  7<i  C  74.98;  H  6.70;  N  11.66. 

Infrared  spectrum:  682.  708,  722,  750,  756,  788  intense,  796.  810,  828  intense.  864.  892,  902,  932,  942 
intense.  961.  976,  988  intense,  1014.  1030,  1042,  1056,  1094,  1114,  1jl46,  1162,  1206,  1256,  1278  weak,  1376  v. 
intense.  1458  v.  intense.  1600,  1650  intense  cm*^. 

SUMMARY 

1.  A  new  method  is  proposed  for  the  synthesis  of  pytazolccarboxylic  acids  by  oxidation  of  furylpyrazoles 
with  potassium  permanganate,  when  the  furan  ring  is  oxidized  to  a  carboxyl  group. 

2.  It  was  shown  that  pyrazole- 5- carbonyl  chlorides  may  undergo  the  Friedel-Crafts  reaction  to  form  5- 
aroylpyrazoles.  Thus,  a  new  route  has  been  found  for  the  synthesis  of  these  difficultly  accessible  compounds. 

3.  The  intramolecular  cyclization  of  l-bcnzylpyTazolc-5-c.arbonyl  chlorides  yielded  representatives  of  a 
new  class  of  heterocyclic  compounds,  namely  pyrazoloisoquinolincs. 
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odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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It  has  been  reported  in  tlie  literature  fl]  that  3,5-dimcthylpyTazolc  forms  a  salt- like  substance  with  mercuric 
cliloridc.  It  was  fouiid  [21  that  mercuric  chloride  reacts  with  3-mcthylp)Tazole  to  form  a  compound  with  the  com¬ 
position  2C4lIeN2  •  3IIgCl2  and  the  reaction  docs  not  require  the  presence  of  a  hydrogen  atom  at  the  nitrogen  as 
1,3,5- trimcthylp)Tazolc  is  also  capable  of  forming  a  salt  with  mercuric  chloride.  In  the  case  of  3,4,5- tiimethyl- 
pyrazole,  a  salt  with  the  composition  C6HJ0N2  ‘  2HgCl2  [3]. 

Knorr  considered  that  these  compounds  were  complexes  [2],  but  Buchner  and  Fritsch  [4],  who  investigated 
the  reaction  of  mercuric  chloride  with  pyrazole  itself,  did  not  consider  the  structure  of  the  compound  obtained. 
Considerably  later  [6]  it  was  shown  that  the  reaction  of  5-chloro-3-methyl-l-phenylpyrazole  with  mercury  acetate 
or  chloride  yielded  a  monomercuration  product  and  without  any  particular  proof  it  was  considered  that  the  mercuri 
group  entered  position  4  of  the  pyrazole  ring. 

The  mercuration  of  1-phenylpyTazole  (in  acetic  acid)  yielded  a  substance  [6]  to  which  was  assigned  the 
structure  of  4-chloromercuii-l-phcnylpyTazole  on  tlie  basis  of  the  fact  that  it  was  converted  into  4-bromo-l- 
phenylpyTazole  by  bromination.  However,  this  cannot  be  considered  strict  proof  as  an  analogous  result  might  be 
obtained  during  bromination  with  the  mercury  group  in  any  other  position  as  it  is  readily  eliminated  under  the  ac¬ 
tion  of  hydrogen  bromide  liberated  during  bromination.  The  preparation  of  a  mercuration  product  of  dipyTazoles 
has  been  reported  in  tlie  literature  [71  without  proof  of  the  structure  of  the  mercurated  compounds  formed.  There 
are  no  other  data  in  the  literature  on  the  reaction  of  pyxazoles  wnth  mercury  salts. 

As  the  simplest  model  for  a  study  of  tlie  reaction  between  pyTazoles  and  mercury  salts,  we  chose  1,3,5-tri- 
mcthylpyrazole.  The  reaction  of  the  latter  with  mercury  acetate  in  acetic  acid  formed  a  compound  in  the  form 
of  a  gel  and  its  isolation  presented  considerable  difficulties.  When  potassium  chloride  was  added  to  the  reaction 
mixture,  it  was  possible  to  isolate  in  high  yield  a  compound  corresponding  in  composition  to  structure  (I)  or  (la). 
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•  CII, 
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By  using  the  resistance  of  the  C“Hg  bond  to  strong  alkalis,  it  seemed  possible  to  separate  the  complex- 
bound  mercury  from  the  organometallic  compound.  After  treatment  of  the  substance  obtained  with  sodium  hy¬ 
droxide  in  methanol  and  removal  of  the  mercuric  oxide  formed,  we  obtained  di(l,3,5-trimethylpyrazolyl-4)mer- 
cury  (II).  However,  symmetrization  of  substance  (I)  to  (11)  could  have  occurred  under  the  action  of  alkali  [6],  and 
it  was  impossible  to  determine  the  molecular  weight  of  substance  (I)  as  it  was  insoluble  in  the  usual  solvents.  In 
connection  with  this,  we  mercurated  5-chloro-3-methyl- 1-(8 -phenylethyl)pyTazole  under  the  same  conditions 
and  obtained  a  substance  which,  according  to  composition,  had  structure  (III)  or  (Ilia). 

HgCl  Cl  Cl 

! - CM3  J==-Hg-~L 

0  II  C6n5(Cn2)2-N  N-fCMzliCoHs 

CMa  CMa  •  MgClz 

(CiyaCgMs  (Ilia) 

(111) 

In  this  case  also,  alkali  precipitated  yellow  mercuric  oxide  and  we  isolated  the  symmetrization  product 
(IV)  from  the  filtrate. 

Cl  Cl 

J=-iig-=L 

CeHsfCMzlz-N  N-fCUzlaCeMg 

CM.,  CH3 
(iv) 


Cryoscopic  determination  of  the  molecular  weight  showed  tliat  the  primary  mercuration  product  had  struc¬ 
ture  (III)  and  not  (in a). 

In  analogy  with  this  we  consider  that  symmetrization  occurred  under  the  action  of  alkali  in  the  first  case 
also  and  that  the  structure  of  the  mercurated  pyrazole  obtained  corresponded  to  (I)  and  not  (la).  It  should  be  noted 
that  we  also  obtained  the  compound  with  structure  (I)  by  mercuration  of  1.3,5- trimethylpyrazole  without  acetic 
acid  by  boiling  for  4  Iir  in  methanol. 


Although  it  was  improbable,  it  was  necessary  to  check  that  mercuration  did  not  occur  at  the  methyl  group 
of  the  pyrazole  nucleus  under  our  conditions.  For  this  purpose  we  mercurated  3,5-dimethyl-l-phcnyl-4-benzyl- 
pyrazole  with  mercury  acetate  in  acetic  acid  (with  subsequent  treatment  with  potassium  chloride)  and  this  led  to 
the  compound  with  structure  (V),  which  gave  the  original  pyrazole  after  removal  of  the  complex- bound  mercury 
(with  sodium  hydroxide);  the  original  pyrazole  was  identified  as  the  picrate. 


CM 


C\\,C^\\, 


1  N 

\n/ 


CII3 
.  llgCl.. 


I 

Cr.ll-. 

(V)^ 

Thus,  it  may  be  stated  that  under  the  conditions  given  in  the  experimental  section,  mercuration  docs  not 
occur  in  a  phenyl  nucleus  at  a  pyrazole  nitrogen  atom  or  in  meiliyl  or  benzyl  groups  at  carbon  atoms  of  a  pyrazole 
nucleus.  This  conclusion  is  confirmed  by  the  fact  that  mercuration  under  our  conditions  (in  acetic  acid)  of  di(3,5- 
dimethyl-l-ethynylpyrazolyl-4)mcthane,  which  has  no  free  hydrogen  atoms  at  the  pyrazole  nucleus,  fonned  only 
a  complex  salt  with  the  composition  C15H24N4  '  HgCl2.  In  the  mercuration  of  4-chloro-l-phenylpyTazole,  only 
the  starting  material  was  isolated. 

This  again  confirms  the  impossibility  of  mercurating  (under  normal  conditions)  the  phenyl  nucleus  in  1- 
phenylpyrazoles  and  indicates  the  low  activity  of  positions  3  and  5  in  the  pyrazole  nucleus. 

At  first  glance  tliere  would  be  seen  noexplanation  for  an  appreciable  variation  in  the  amount  of  complex- 
bound  mercuric  chloride  per  molecule  of  mercurated  pyrazole.  hi  actual  fact,  apart  from  the  substances  described 
in  the  literature,  which  have  various  compositions,  we  obtained  compounds  which  contained  one  molecule  of 
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mercuric  chloride  (substance  I)  or  half  a  molecule  (substance  V)  per  molecule  of  p)Tazole  or  had  no  complex- 
bound  mercury  at  all  (substance  III).  In  connection  with  this  we  increased  the  number  of  substances  investigated 
to  find  the  rules. 

Under  the  action  of  mercuric  chloride,  3,5-dimethyl- 1-ethylpyTazole  gave  compound  (VI),  which  contained 
one  molecule  of  mercuric  chloride  per  molecule  of  merenrated  pyrazole.  The  4-chloromercuri-3, 5-dimethyl- 1- 
cihylpvTazole  (VI)  obtained  was  not  spninetrized  by  the  action  of  alkali  under  the  usual  conditions,  but  was 
converted  to  4-hydroxymcrcuri-3,5-dimcthyl- l-ethylpyrazole  (VII). 
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When  treated  with  mercuric  chloride  in  acetic  acid  (and  analogously  in  methanol).  3,5- dimethyl- 1-phcnyl- 
pyrazole  was  converted  into  compound  (VIII),  which  contained  one  molecule  of  complex-bound  mercuric  chloride 
to  two  molecules  of  4-chloromercuri-3,5-dimethyl-l-plienylp)Tazole.  This  substance  (VIII)  was  readily  symme¬ 
trized  under  the  action  of  alkali  to  form  compound  (DC). 
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Finally,  we  checked  literature  data  in  [5]  and  [6]  and  mercurated  1-phenylpyrazolc  and  5-chloro-3-methyi- 
1.-phenylp)T37ole  under  various  conditions.  It  was  found  that  these  suostanccs  sinoothly  form  monomercuration 
products  (X  and  XI,  respectively)  which  do  not  contain  complex-bound  mercuric  chloride. 


IlgCl 


IV 


H- 


II  N 

\n/ 

I 

(\)  n  =  II'  r=  1*. 

(\l)  Jl  -  Cl;  K'  =  CH,. 


We  consider  that  the  number  of  molecules  of  complex- bound  mercuric  chloride  per  molecule  of  complex- 
bound  pyrazole  depends  on  the  basicity  of  the  pyxazole  and  therefore  we  resorted  to  potentiometric  determination. 
Due  to  the  very  weak  basic  properties  of  pyrazoles,  direct  measurement  of  the  pH  (in  water"  isopropanol)  gave 
values  close  to  pH  7  that  differed  little  from  one  to  another.  We  then  measured  the  pH  values  of  0.05  N  solutions 
of  pyTazoles,  half  neutralized  with  sulfuric  acid  in  the  system  water"  iropropanol.  In  this  case,  pytazoles  with 
more  strongly  expressed  basic  properties  would  obviously  bind  the  acid  more  strongly  and  the  pH  of  the  solutions 
would  be  higher.  The  pH  values  of  the  solutions  obtained  naturally  have  no  direct  physical  meaning,  but  they 
undoubtedly  make  it  possible  to  arrange  p>Tazolcs  in  a  series  with  respect  to  their  decreasing  basic  properties. 

The  basicity  series  we  obtained  coincided  exactly  with  the  series  in  which  the  pyrazoles  were  arranged  with  respect 
to  decreasing  amount  of  complex- bound  mercuric  chloride  (see  table). 
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Relation  of  Amount  of  Complex- Bound  Mercuric  Chloride  to 
Basicity  of  Pyrazole 


Pyrazole 

pH 

Amt.  of  complex- 
bound  mercuric 
chloride  per  mole¬ 
cule  of  mercurated 
pyrazole 

1,3,5- Trimethylpyrazole 

1.12 

1 

3,5-Dimethyl-  1-ethylpyrazole 

2.04 

1 

3,5-  Dime  thyl-  l-phenylpyrazole 

1.34 

0.5 

1-Phenylpyr  azole 

1.24 

0 

5-Chloro-  3-  methyl- 1-  phenyl- 
pyrazole 

1.22 

0 

In  contrast  to  l-phenylpyrazole  and  5-chloro-3-methyl-l-phenylpyrazole,  alkylpyrazoles  reacted  with 
mercuric  bromide  (in  acetic  acid)  differently  from  mercuric  chloride.  In  this  case  we  isolated  only  complex  salts 
and  not  mercurated  pyrazoles  with  the  composition  (XII)  and  (XIII). 


.Cll, 


CHa-ii  / 


R 


Hglira 


(XII)  ll  =  CH„  (XIll)  u  ^  C-Il,. 


It  was  then  found  that  when  the  mercuration  was  carried  out  under  different  conditions,  i.e.,  by  the  direct 
action  of  mercuric  chloride  or  bromide  in  acetic  acid  or  first  treatment  with  mercuric  acetate  in  acetic  acid 
with  subsequent  treatment  with’ potassium  chloride  or  bromide,  the  same  substance  was  formed.  Consequently, 
mercuration  of  1,3.5* trimethylp\Tazolc  occurs  under  the  action  of  mercuric  acetate  and  the  acetoxymercuri- 
pyrazolc  or  bromomercurip^Tazole  is  cleaved  at  the  labile  carbon- mercury  bond  under  the  action  of  potassium 
bromide  (or  potassium  bromide  and  acetic  acid)  to  form  a  complex.  After  removal  of  the  complex- bound  mer¬ 
cury,  the  starting  p>Tazole  was  identified  as  the  picratc.  Indie  case  of  l-phenylpyrazole.  the  organomercury 
compound  formed  was  apparently  more  stable  and  therefore  4-bromomercuri- 1-phcnylpyTazole  could  be  obtained 
without  difficulty. 

A  study  of  the  ultraviolet  absorption  spectra  showed  that  the  absorption  curves  of  the  mercurated  compounds 
obtained  practically  coincided  with  the  curves  of  the  starting  pyrazoles  (Figs.  1  and  2). 

We  carried  out  several  experiments  on  the  mercuration  of  pyTazoles  that  were  not  substituted  at  the  nitrogen, 
but  we  were  able  to  isolate  only  l-chloromercuri-4-methyl-3,5-dipropylpyTazole  (XIV)  and  then  in  low  yield. 


CII3 

\ 


Cih 


C3H7-' 


-C^n- 


H«C1, 


N 
\n/ 

I 

II 


■Cnll: 


llgCl 

(XIV) 


In  an  investigation  of  the  properties  of  this  substance  it  was  found  that  in  this  case  the  nitrogen"  mercury 
bond  was  resistant  to  the  action  of  alkali. 
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Fig.  1.  ;i)  Complex  salt  of  4-chlo- 
romercuri- 1,3,5- trimethylpyrazole 
with  mercuric  chloride  (I);  b)  com¬ 
plex  salt  of  mercuric  bromide  with 

1.3.5-  tximethylpyrazolc  (XII);  c) 

1.3.5- trimetliylpyfazoIe. 


200  250  300  350 


A  tryt 

Fig.  2.  a)  3-Mothyl-l-phciiyl- 
5-  chloro-  4-  chlor  omercuripyrazole 
(XI);  b)  3- methyl- 1- phenyl- 5- 
chloro-  4  -  bromomercuripyrazole ; 
c)  3-methyl- 1  phenyl- 5- chlo- 
ropyr  azole. 


EXPERIMENTAL 

4-Chloro-l-phenyIpyTazolc.  A  14.4  g  sample  of  l-phcnylp)Tazole  was  dissolved  in  a  mixture  of  30  ml 
of  formic  acid  and  0  ml  of  concentrated  hydrochloric  acid  and  then  50  ml  of  30?a hydrogen  peroxide  added  care¬ 
fully  at  30°.  An  exothermal  reaction  began  and  a  precipitate  of  4- chloro- l-phenylp)Tazole  formed.  After  1  hr 
the  reaction  mi.xiure  was  neutralized  with  ammonia  and  the  pyrazole  collected.  The  yield  was  15.8  g  (81%)  and 
tile  m.p.  was  74*  (from  mcilianol)  [8]. 

4-Methyl-3,5-dipropylp\Tazole.  A  mixture  of  16.5  g  of  methyldibutyrylmethane  and  6.5  g  of  hydrazine 
hydrate  was  boiled  for  1  lir  in  a  flask  with  a  reflux  condenser.  Vacuum  distillation  of  the  reaction  mixture  yielded 
14.2  g  (92%)  of  4- methyl- 3,5- dipropylpyrazole  with  b.p.  164“  (27  mm)  and  m.p.  48*. 

Found  %:  N  16.74,  16.73.  CioHjsNz-  Calculated  %  N  16.85. 

It  did  not  form  a  solid  picrate  or  picrolonate;  the  hydrochloride  had  m.p.  164“  (from  a  mixture  of  benzene 
and  ligroin,  1 :  1). 

Found  %  N  13.97.  13.84.  CioHjsNo  •  HCl.  Calculated  %  N  13.79. 

Complex  salt  of  3,5-dimcthyl-l-phcnyl-4-benzylpyrazole  with  mercuric  chloride  (V).  A  mixture  of  2.62  g 
of  3,5-dimethyl-l-phenyl-4-bonzylpyrazole  [9],  3.19  g  of  mercuric  acetate,  0.75  g  of  potassium  chloride,  and  30  ml 
of  acetic  acid  was  heated  at  60-70“  for  30  min.  To  the  cooled  mixture  was  added  20  ml  of  cold  water.  An  oil  was 
liberated  and  this  crystalliicd  after  two  days.  The  crystals  v;crc  collected  and  dried  in  air.  The  yield  was  2.0  g 
(50.2%)  and  the  m.p.  was  118“  (from  methanol). 

Found  %  C  5^1.13,  54.27;  H  4.20,  4.12;  N  7.32.  7.29.  2C18H18N2  ‘  HgClj.  Calculated  ‘/n  C  54.34;  H  4.53; 

N  7.04. 

A  1  g  sample  of  the  complex  salt  obtained  was  dif.solved  in  boUing  methanol  and  2  ml  of  40%  sodium  hy¬ 
droxide  solution  added.  The  precipitate  of  mercuric  oxide  was  removed  by  filtration.  The  methanol  was  distilled 
from  the  filtrate  and  the  precipitate  thus  formed  extracted  with  ether.  The  ether  was  evaporated  and  the  residual 
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liquid  drop  treated  with  an  alcohol  solution  of  picric  acid.  The  picrate  of  3,5*dimethyl- 1-phenyl- 4- benzyl- 
pyrazole  formed  had  m.p.  111-112"  (from  807o  alcohol)  and  did  not  depress  the  melting  point  of  the  picrate  of 
an  authentic  sample. 

Complex  salt  of  4-chlorometcuti-1.3.5-trimethylpyrazole  with  mercuric  chloride  (I).  A  mixture  of  5.5  g 
of  1,3,5-trimethylpyrazole  [9],  31.9  g  of  mercuric  acetate,  7.5  g  of  potassium  chloride,  and  200  ml  of  methanol 
was  boiled  for  4  hr.  The  clear  solution  gradually  deposited  a  white  precipitate  and  the  whole  reaction  mixture 
crystallized  on  cooling.  The  yield  was  30.1  g  (97.4?t>).  After  recrystallization  from  30% aqueous  pyTidine,  the 
substance  had  m.p.  238*  (in  a  sealed  capillary).  The  white  crystals  were  very  sparingly  soluble  even  with  heating 
in  all  organic  solvents  apan  from  pyridine. 

Found  %  C  12.24,  12.45;  H  1.58,  1.57;  Hg  65.28,  65.00.  CeHjNjHgCl  *  HgClg-  Calculated  %;  C  11.67; 

H  1.46;  Hg  64.96. 

The  reaction  in  acetic  acid  instead  of  methanol  gave  the  same  compound  with  m.p.  238",  which  did  not 
depress  the  melting  point  of  the  compound  described  above. 

Treatment  of  a  methanol  solution  of  1.2  g  of  this  substance  with  sodium  hydroxide  with  subsequent  removal 
of  the  mercuric  oxide  and  evaporation  of  the  filtrate  gave  0.2  g  (25%)  of  crystals  of  di(l,3,5-trimethylpyrazolyl-4) 
mercury  (H).  After  recrystallization  from  a  mixture  of  acetone  and  water  (2  ;  1)  and  then  from  benzene,  the  sub¬ 
stance  had  m.p.  225"  (in  a  sealed  capillary). 

The  substance  formed  white  friable  crystals,  which  did  not  contain  halogen  (Beilstein  test),  but  contained 
mercury  (hydrogen  sulfide  in  an  acid  medium  precipitates  black  mercuric  sulfide). 

Found  %  C  34.78,  34.64;  H  4.41,  4.38;  N  13.62,  13.62.  Ci2Hi8N4Hg.  Calculated  %:  C  34.44;  H  4.28; 

N  13.39. 

Complex  salt  of  4-chloromercuri-3,5-dimethyl-l-ethylpyrazole  with  mercuric  chloride  (VI).  To  a  solution 
of  6.38  g  of  mercuric  acetate  in  acetic  acid  were  added  2.5  g  of  3,5-dimethyl- 1-ethylpyrazole  and  1.5  g  of  potas¬ 
sium  chloride.  The  mixture  was  heated  for  a  few  minutes  at  60-70",  when  white  crystals  gradually  precipitated 
and  these  were  then  collected  and  washed  with  hot  water.  The  yield  was  5.8  g  (92%).  After  three  recrystallizations 
from  methanol,  the  product  had  m.p.  229-230*  (in  a  sealed  capillary,  with  decomp.). 

Found  %.  C  13.36,  13.38;  H  1.70,  1.77;  Hg  63.33,  63.71.  CTlIuNjIIgCl  •  HgCV  Calculated  %;  C  13.32; 

H  1.90;  Hg  63.61. 

The  complex  salt  (1.26  g)  was  treated  with  a  methanol  solution  of  sodium  hydroxide.  The  precipitated 
yellow  mercuric  oxide  was  removed  by  filtration,  the  filtrate  evaporated,  and  the  precipitate  extracted  with 
benzene.  The  benzene  extract  deposited  fluffy  flakes  of  4-hydroxymcrcuri-3,5-dimethyl-l-ethylpyTazolc.  The 
yield  was  0.05  g  (7.3%)  and  the  m.p.  was  223°  (ina  sealed  capillary). 

Found  %  C  23.80,  23.78;  H  3.74,  3.71;  N  8.02,  8.05.  CvH^ONjHg.  Calculated  %:  C  24.70;  H  3.53; 

N  8.21. 

Complex  salt  of  4- chloromercuri- 3,5- dimethyl- 1-phenylpyrazole  with  mercuric  chloride  (VDI).  To  a  mix¬ 
ture  of  a  solution  of  9.57  g  of  mercuric  acetate  in  40  ml  of  acetic  acid  and  3.44  g  of  3,5-dimethyl-l-phenyl- 
pyrazole  was  added  2.25  g  of  potassium  chloride.  The  mixture  was  boiled  for  3  min.  The  solution  deposited 
yellow,  water- insoluble  crystals  on  cooling.  The  yield  was  9.1  g  (83%).  Recrystallization  of  4  g  of  the  substance 
from  300  ml  of  xylene  yielded  1.5  g  of  grayish  crystals  with  m.p.  170".  The  substance  was  not  soluble  in  any  or¬ 
ganic  solvent  in  the  cold  apart  from  pyridine. 

Found  %  C  24.29,  24.40;  H  2.00,  2.10;  Hg  55.57,  55.60.  2CuHuN2HgCl  ’  HgClj.  Calculated  %  C  24.31; 

H  2.02;  Hg  55.42. 

To  a  methanol  solution  of  1.1  g  of  this  complex  salt  was  added  excess  sodium  hydroxide  in  alcohol.  Evapora¬ 
tion  of  the  filtrate  yielded  0.1  g  (12%)  of  di(3, 5- dime thyl-1- phenyl- pyrazolyl-4)mercury  (DC)  as  friable  white  crystals 
with  m.p.  138-139°  (in  a  scaled  capillary,  from  methanol). 

A  Beilstein  test  for  halogen  was  negative  and  an  acid  solution  of  the  substance  gave  a  precipitate  of  mer¬ 
curic  sulfide  with  hydrogen  sulfide. 
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Found  C  48.64.  48.89;  H  4.12.  4.27;  N  10.43.  10.67.  CaH22N4Hg.  Calculated  ^  C  48.71;  H  4.06; 

N  10.33. 

Complex  salt  of  di(3.5~dlinethyl-l-othylpytazolyl’4)- methane  with  mercuric  chloride.  A  mixture  of  1.55  g 
of  di(3, 5* dimethyl* l-ethylpyTazolyl-4)methane.  3.19  g  of  mercuric  acetate,  0.75  g  of  potassium  chloride,  and 
20  ml  of  acetic  acid  was  heated  at  60-70*  for  a  few  minutes.  White  crystals  (2.2  g,  70%)  precipitated.  Recrystal- 
lization  from  methanol  yielded  1.4  g  of  white  crystals,  which  darkened  on  drying  (40-60*).  The  m.p.  was  209* 

(from  methanol). 

Found  %  Hg  37.89.  37.75.  CigHjihU  •  HgCl,.  Calculated  Hg  37.66. 

4-Chloromercuri-l-phenylpyrazole  (X).  A  mixture  of  1.44  g  of  1-phenylpyrazole,  3.19  g  of  mercuric 
acetate.  0.75  g  of  potassium  chloride,  and  20  ml  of  acetic  acid  was  heated  at  60-70*  for  a  few  minutes;  white 
crystals  precipitated.  The  yield  was  3  g  (79%).  Re  crystallization  from  a  mixture  of  xylene  and  acetone  (7  :  3) 
yielded  2.1  g  of  substance  with  m.p.  224*  (in  a  sealed  capillary).  Literature  data  [6]:  m.p.  226*  (from  xylene). 

Found  %  C  27.98  ,  28.08;  H  1.74.  1.91;  Cl  9.80.  9.65;  N  7.45.  7.56.  CjHjNjHgCl.  CalcuUted  %  C  28.50; 

H  1.82;  Cl  9.40;  N  7.38. 

Mercuric  oxide  was  not  precipitated  from  an  alcohol  solution  of  this  substance  by  sodium  hydroxide. 

4- Bromomercuri- 1- phenylpyiazole ■  A  mixture  of  2.88  g  of  1-phenylpyrazole.  6.38  g  of  mercuric  acetate. 

2.40  g  of  potassium  bromide,  and  20  ml  of  acetic  acid  was  heated  at  70-80*  for  a  few  minutes.  A  white  amorphous 
precipitate  formed  and  this  was  washed  on  the  filter  with  hot  water.  We  obtained  6.1  g  (74%)  of  mercurated  pyrazolc. 
After  rccrystallization  from  a  mixture  of  xylene  and  acetone  (7  :  3),  the  substance  had  m.p.  212-213*  (in  a  sealed 
capillary). 

Found  %  N  6.98.  6.46.  CyHjNtHgBr.  Calculated  %  N  6.62. 

Mercuric  oxide  was  not  precipitated  when  sodium  hydroxide  was  added  to  an  alcohol  solution  of  this  sub¬ 
stance. 

4-  Acetoxymercuri-  5-chloro-3-  methyl- 1-  phenylpyrazote.  A  mixture  of  1.92  g  of  5-chloro-3-methyl-l- 
phenylpyrazole.  0.75  g  of  potassium  chloride,  3.19  g  of  mercuric  acetate,  and  15  ml  of  acetic  acid  was  heated. 

White  crystals  precipitated  and  these  were  readily  soluble  in  water.  The  yield  was  4  g  (90%)  and  the  m.p.  was 
122*  (from  chloroform)  [5]. 

4-Chlorometcuri- 5- chloro- 3- methyl- 1-phenylpyrazole  (XI).  A  mixture  of  5.8  g  of  5-chloco-3-methyl- 
l-phenylpyrazole,  9.55  g  of  mercuric  acetate.  2.25  g  of  potassium  chloride,  and  70  ml  of  acetic  acid  was  heated 
at  60-70*  for  a  few  minutes.  White  crystals  precipitated  slowly  from  the  cooled  solution  and  these  were  insoluble 
in  water,  but  readily  soluble  in  acetone.  The  yield  was  10.3  g  (80%)  and  the  m.p.  was  163*  (in  a  sealed  capillary, 
from  acetone) [5]. 

Found  °k  Hg  46.98;  47.02.  CjoHiN^HgClj.  Calculated  %e  Hg  46.91. 

No  mercuric  oxide  was  precipitated  when  sodium  hydroxide  was  added  to  an  alcohol  solution  of  this  sub¬ 
stance. 

4-Bromomercuri-5-chloro-3-methyl-l-phenylpyTazole.  A  mixture  of  6.38  g  of  mercuric  acetate.  2.40  g 
of  potassium  bromide,  3.84  g  of  5-chloro-3-methyl-l-phcnylpyrazole,  and  50  ml  of  methanol  was  boiled  for  4  hr. 
The  solution  was  cooled  and  water  added  dropwise  until  precipitation  was  complete.  We  obtained  4.4  g  (46.7%) 
of  4-broniomercuri-5-chloro-3-methyl-l-phenylpyrazole  with  m.p.  136-137*  (in  a  sealed  capillary,  from  water 
and  acetone,  1 :  2). 

Found  %  N  6.36.  5.8b.  CioHiNjHgClBr.  Calculated  %:  N  5.94. 

Mercuric  oxide  was  not  precipitated  wiien  an  alcohol  solution  of  this  substance  was  made  strongly  alkaline 
with  an  alcohol  solution  of  sodium  hydroxide. 

4-Chloromercuri-5-chltMro-3-methyl-Hfl-phenylethyl)pyrazole  (PI).  A  mixture  of  5.51  g  of  5- chloro- 3- 
methyl-l-(0  -phenylethyl^yrazole,  15.9  g  of  mercuric  acetate,  3.8  g  of  potassium  chloride,  and  70  ml  of  alcohol 
was  boiled  for  5  hr.  The  whole  mass  crystallized  on  cooling.  To  it  was  added  100  ml  of  water  and  the  crystals 
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collected  and  dried  in  air.  The  yield  was  11.5  g  (82%).  Recrystallization  from  acetone  yielded  lustrous  white 
crystals  with  m.p.  125*  (in  a  scaled  capillary). 

The  substance  obtained  was  soluble  in  hot  benzene,  methanol,  and  acetone. 

Found  %  N  5.89,  5.79.  M  439.2  (cryo'copically  in  benzene).  Ci|H|2N|HgCl|  Calculated  %  N  6.14. 

M  441.6. 

Yellow  mercuric  oxide  was  precipitated  when  sodium  hydroxide  solution  was  added  to  a  methanol  solution 
of  the  complex  salt  obtained.  On  standing  for  2  days,  the  filtrate  deposited  a  white  precipitate  of  di[5-chloro- 
3- methyl- 1- (6  -phenylethyl)pyrazolyl-4]mercury  (Ilia)  with  m.p.  140*  (in  a  sealed  capillary,  from  benzene). 

Found  %  N  8.83.  8.87.  CaiHuMiHg.  Calculated  %  N  8.77. 

Attempted  mercuration  of  4-chloro-l-phenylpyrazole.  A  mixture  of  1.79  g  of  4-chloro-l-phenylpyrazolc, 

3.19  g  of  mercuric  acetate,  0.75  g  of  poussium  chloride,  and  30  ml  of  methanol  was  boiled  for  6  hr.  After  cool¬ 
ing,  the  clear  solution  was  treated  with  30  ml  of  water.  A  white,  scaly  precipitate  formed.  Recrystallization  of 
this  from  methanol  yielded  the  original  4-chloro-l-phenylpyrazole  with  m.p.  72-73*,  which  did  not  depress  the 
melting  point  of  a  pure  preparation. 

1-Chloromercuri- 4- methyl- 3,5- dipropylpyrazole  (XIV).  A  mixture  of  8,7  g  of  4- methyl- 3,5- dipropyl- 
pyrazole,  16.9  g  of  mercuric  acetate.  8.94  g  of  potassium  chloride,  and  70  ml  of  methanol  was  boiled  for  5  hr. 

The  addition  of  water  to  the  clear  solution  precipitated  a  viscous  oil,  which  crystallized  after  prolonged  tritura¬ 
tion  in  acetone  with  a  rod.  We  obtained  1.8  g  (9%)  of  crystals  with  m.p.  150*  (in  a  sealed  capillary,  from  water 
and  acetone,  1 :  5). 

Found  %t  N  7.16,  7.35.  M  406  (cryoscopically  in  benzene).  C|oHi7N2HgCl.  Calculated  %  N  6.98.  M  401.1. 

No  mercuric  oxide  was  precipitated  v/hen  sodium  hydroxide  was  added  to  a  methanol  solution  of  the  mer- 
ciirated  pyrazolc. 

Complex  salt  of  1,3,5- trimcthylpyrazole  with  mercuric  bromide  (XIl).  To  a  concentrated  solution  of  mer¬ 
curic  acetate  (3.19  g  in  40  ml  of  acetic  acid)  were  added  1.1  g  of  1,3,5- trimethylpyrazole  and  1.19  g  of  potassium 
bromide  and  tlie  mixture  was  heated  at  60-70*  for  a  few  minutes.  Dilution  with  water  led  to  a  voluminous  precip¬ 
itate  of  crystals.  The  yield  was  3.2  g  (70%).  After  recrystallization  from  ether  and  then  from  alcohol,  the  sub¬ 
stance  had  m.p.  144*. 

Found  %  C  15.11,  14.98;  H  2.09,  1.83;  Hg  43.10,  42.55.  CjHioNj  •  HgBtj.  Calculated  %;  C  15.31;  Hg  42.64. 

To  a  methanol  solution  of  1  g  of  the  complex  salt  obtained  was  added  excess  sodium  hydroxide  solution  and 
tile  precipitated  mercuric  oxide  removed  by  filtration.  The  filtrate  was  evaporated  and  the  residual  substance  ex¬ 
tracted  with  benzene.  The  benzene  solution  deposited  colorless,  low-melting  crystals  of  1,3,5- trimethylpyrazole. 
After  recrystallization  from  methanol,  the  picrate  had  m.p.  146*.  It  did  not  depress  the  melting  point  of  authentic 
1,3,5- trimcthylpyrazole  picrate. 

Complex  salt  of  3, 5- dimethyl- 1-ethylpyrazole  with  mercuric  bromide  (Xm).  A  mixture  of  3.19  g  of  mer¬ 
curic  acetate,  1.24  g  of  3.5-dimethyl- 1-ethylpyrazole,  0.75  g  of  potassium  chloride,  and  40  ml  of  acetic  acid 
was  heated  at  60-70*  for  a  few  minutes.  Dilution  with  water  precipitated  3.5  g  (72%)  of  yellowish  crystals.  Re¬ 
crystallization  from  a  large  amount  of  methanol  yielded  fluffy  white  crystals  with  m.p.  140*  (in  a  sealed  capillary). 

Found  %  Hg  41.67,  41.32;  N  5.98,  5.65.  CrHnN,  *  HgBr,.  Calculared  %t  Hg  41.41;  N  5.77. 

The  complex- bound  mercury  was  removed  with  alkali  in  methanol  and  precipitated  as  yellow  mercuric 
oxide.  The  filtrate  after  removal  of  the  mercuric  oxide  gave  a  negative  test  for  mercury. 

Complex  salt  of  di(3,5-dimethyl-l-ethylpyrazolyl-4)methane  with  mercuric  Ixromlde.  To  a  solution  of 
3.19  g  of  mercuric  acetate  in  acetic  acid  was  added  1.55  g  of  the  pyrazole  compound  and  then  1.2  g  of  potassium 
bromide.  When  this  mixture  was  heated  at  60*,  a  white,  water- insoluble  precipitate  formed.  The  yield  was  1.8  g 
(50%)  and  the  m.p.  was  192-193*  (in  a  sealed  capillary,  from  alcohol). 

Found  %  Hg  33.43,  32.78.  *  HgBr,.  CalcuUted  %  Hg  32.32. 
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1,3,5- trimcthylp^Tazoic,  3.19  g  of  mercuric  acetate,  1.2  g  of  potassium  bromide,  and  30  ml  of  methanol  was 
boiled  for  4  hr.  Cooling  the  solution  and  diluting  with  water  precipitated  white  crystals,  which  were  collected 
and  dried.  The  yield  was  2.9  g  (SO^yo);  the  white  crystals  had  m.p.  204*  (from  acetone). 

Found  •y.r  N  4.G5.  4.45.  2CeH9N2HgBr  •  HgBrj.  Calculated  N  4.92. 

After  the  complex- bound  mercury  had  been  precipitated  with  alkali,  from  the  filtrate  we  isolated  di(l,3,5- 
trimcthylpyTazolyl-4)mercury,  which  was  identical  with  that  described  above. 

Measurement  of  pH  of  aqueous  alcohol  p)Tazolc  solutions.  Into  a  50  ml  graduated  flask  was  placed  an  ac- 
airately  measured  sample  (±  0.0003  g)  of  0.0025  mole  (0.5  M  solution)  of  the  pyxazole  investigated.  To  this  was 
added  12.3  ml  of  0.1080  N  sulfuric  acid  (0.000G27  mole)  and  the  solution  diluted  to  the  mark  with  isopropanol. 

An  LP-5  tube  potentiometer  with  glass  and  calomel  electrodes  was  used  to  measure  the  pH.  The  pH  values  are 
given  in  the  table.  The  acid  itself  without  pjxazolcs  added  had  pH  1.17.  A  deviation  in  the  sample  weight  of 
±0.0003  g  from  0.0025  mole  did  not  affect  the  pH  value  of  the  solution,  as  was  established  in  special  experiments. 
The  accuracy  was  approximately  0.05  pH  units. 

* 

SUMMARY 

1.  Under  norm,il  conditions,  pyrazoles  are  mercurated  in  position  4.  When  a  free  NH  group  is  present, 
mercuration  may  occur  in  position  1.  No  introduction  of  a  mercuri  group  into  a  methyl,  phenyl,  or  benzyl  group 
was  observed  when  substituents  were  present. 

2.  The  mercuration  of  pyrazoles  is  complicated  by  the  formation  of  complex  compounds  with  mercury  salts. 
The  composition  of  the  complex  is  primarily  determined  by  the  basicity  of  the  pyrazoles,  as  was  demonstrated  by 
comparing  the  complex  composition  with  the  basicity  of  pyrazoles  (measured  poteiitiometrically). 

3.  A  mercuri  group  attached  to  a  pyrazole  nucleus  (in  position  4)  is  readily  removed,  even  under  the  action 
of  potassium  bromide  in  acetic  acid.  As  a  result  of  this,  only  complexes  of  pyrazoles  with  mercuric  bromide  were 
obtained  in  a  number  of  cases  in  attempts  to  prepare  bromomercuripyrazoles. 
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In  a  previous  article  it  was  shown  that  acylation  occurs  in  position  4  of  the  pyrazole  nucleus  when  1-sub- 
stituted  pyTazolcs  are  heated  with  benzoyl  chloride  [1].  We  were  interested  in  the  possibility  of  an  analogous 
thermal  alkylation  of  pyrazoles.  In  an  investigation  of  the  process,  it  was  found  that  under  the  action  of  benzyl 
chloride  (sealed  tube,  200-220*,  4-8  hr),  1-substituted  pyrazoles  are  benzylated  at  the  carbon  in  position  4  of  the 
pyrazole  nucleus  in  high  yields. 

However,  radicals  at  position  1  of  the  pyrazole  nucleus  were  involved  in  the  reaction.  Thus,  the  reaction 
of  1,3,5-trimcthylpyrazolc  with  benzyl  chloride  formed  a  mixture  of  l,3,5-trimethyl-4-benzylpyrazoie  and  1,4- 
dibenzyl-  3,5-  dimethylpyrazole  . 
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It  was  only  in  the  case  of  l-phenyl-3,5-dimethylp>Tazole  that  the  benzylation  proceeded  without  affecting 
the  phenyl  radical.  At  first  glance,  the  replacement  of  an  alkyl  radical  by  a  benzyl  radical  contradicts  numerous 
literature  data.  In  a  whole  series  of  papers  in  the  literature  [2]  it  has  been  shown  (this  is  not  stated  categorically, 
but  the  conclusion  follows  from  the  nature  of  the  work)  that  in  l-alkylpyrazole  haloalkylates,  salt  formation  occurs 
at  the  second  nitrogen  atom. 
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The  thermal  decomposition  of  these  haloalkylates  forms  a  mixture  of  pyrazoles  if  R  and  R*  are  alkyl  radicals. 
It  was  shown  conclusively  that  under  these  conditions  phenyl  is  very  firmly  attached  to  the  nitrogen  while  on  the 
contrary,  benzyl  and  allyl  radicals  are  e.xtremely  labile. 
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In  our  case  the  phenomenon  is  evidently  explained  by  the  fact  that  in  the  reaction  mixture,  an  equilibrium 
is  established  between  the  quaternary  salts  of  p\Tazolcs  and  their  decomposition  products  and  due  to  the  presence 
of  a  large  excess  of  benzyl  chloride  in  the  reaction  and  the  removal. of  the  methyl  chloride  into  the  gas  phase, 
1.4* dibenzyl- 3, 5-dimethylpyrazolc  is  formed  predominantly. 


The  phenyl  radical  in  position  1  substantially  changes  the  charge  of  the  nucleus  and  is  so  firmly  attached 
to  the  nitrogen  atom  that  the  decomposition  of  the  quaternary  salt  proceeds  only  in  the  direction  of  benzyl  chloride 
elimination  and  therefore  only  l-phenyl-3,5*dimethyl-4-benzylpyrazole  is  formed  in  the  benzylation  of  1-phenyl- 
3,5-dimcthylpyrazole. 

In  order  to  check  this  hypothesis,  we  attempted  the  replacement  of  an  alkyl  residue  in  position  1  by  a 
benzyl  radical  under  milder  conditions  with  the  alkyl  chloride  formed  removed  from  the  reaction  zone.  In  this 
case  (150*,  6  hr,  m  an  open  vessel)  there  was  smooth  replacement  of  methyl,  ethyl,  and  propyl  radical  at  the 
nitrogen  atom  by  benzyl.  Phenyl  v/as  not  replaced  in  this  case.  The  reaction  is  explained  precisely  as  described 
above.  An  attempt  to  use  other  alkyl  halides  for  the  alkylation  of  pyrazoles  in  positicn  4  did  not  lead  to  positive 
results.  In  all  cases,  the  p^Tazole  acted  as  a  base  and  eliminated  hydrogen  halide  from  the  alkyl  halide.  If  the 
pyrazole  was  used  as  a  salt,  its  activity  fell  so  much  that  nc  reaction  occurred.  Attempts  to  replace  methyl  in 
position  1  by  other  alkyls  v/ith  the  aid  of  allyl  bromide  and  also  isoamyl  chloride  did  not  lead  to  clear  results 
either.due  to  the  difficulty  of  separating  the  mixture  of  l-alkylpyrazoles  formed.  When  3,5-dimcthylpyrazole, 
which  is  not  substituted  at  the  nitrogen  atom,  was  benzylatcd  under  standard  conditions,  strangely  enough,  3,5- 
dimethyl-4-benzylpyrazole  was  fonned,  though  in  low  yield,  and  not  even  traces  of  pyrazole  bcnzoylatcd  at  the 
nitrogen  could  be  detected.  The  behavior  of  haloalkylates  of  l-substituted  pyrazoles  during  distillation  is  note¬ 
worthy.  Thus,  l-allyl-3,5-dimethylpyTazole  bromoallylate  distilled  smoothly  in  vacuum,  while  other  1-alkyl- 
pyrazole  haloalkylates  underwent  only  partial  decomposition. 


EXPERIMENTAL 

Benzylation  of  l-phenyl-3,5-dimethylp)Tazole.  A  mixture  of  6.4  g  of  benzyl  chloride  and  8.6  g  of  1-phenyl- 
3,5-dimethylpyrazole  (b.p.  160-16^3°  at  25  min)[lj  was  heated  in  a  60  ml  molybdenum  glass  ampoule  at  240*  for 
6  hr.  The  reaction  mixture  was  treated  with  50  ml  of  hot,  concentrated  hydrochloric  acid  and  extracted  with 
benzene  to  remove  neutral  impurities.  The  acid  layer  was  made  alkaline  with  ammonia  and  the  liberated  pyrazole 
extracted  with  benzene.  Vacuum  distillation  of  the  benzene  extract  yielded  8.9  g  (68.8^1/0)  of  1- phenyl- 3,5- dimeth¬ 
yl- 4- benzylpyrazole.  It  had  b.p.  248-253*  (25  mm),  n^®D  1.6044,  d^4  1.1022;  the  picrate  had  m.p.  111-112*  (from 
70%  alcohol)  and  did  not  depress  the  melting  point  of  the  picrate  of  a  preparation  obtained  by  condensation  of  di- 
aceiylbenzylme thane  with  phenylhydrazine  [1]. 

Benzoylation  of  1,3,5-trimethylpyrazole.  In  an  analogous  reaction,  11  g  of  1,3,5- tr ime thy Ipyrazole  yielded 
two  fractions:  the  1st  was  13.7  g  (64.5%)  of  l,3,5-ttimethyl-4-benzylpyTazole  and  after  redistillation  it  had  b.p. 

172*  (13  mm)  and  m.p.  55*  (from  ligroiii);  the  picrate  had  m.p.  136*  (from  80%  alcohol)  and  did  not  depress  the 
melting  point  of  the  picrate  of  the  pyrazole  obtained  by  condensation  of  diacetylbenzylmethane  with  methyl- 
’  hydrazine  Oil-  The  2nd  fraction  was  8.7  g  (31.5%)  of  1,4- dibenzyl- 3,5- dimcthylpyTazole  with  b.p.  220-224* 
(10mm),  n^'^D  1.5818;  the  picrate  had  m.p.  131-132*  (from  70% alcohol)  and  did  not  depress  the  melting  point 
of  picrates  of  preparations  obtained  by  benzylation  of  1-benzyl- 3, 5-dimethylpyTazole  (see  below)  and  by  condensa 
tion  of  diacetylbenzylmethane  with  benzylhydrazine  [1]. 
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Bcnzylation  of  l-ethyl-3,5-dimethylpyrazole.  Analogously,  1-ethyl- 3,5- dimethylp)Tazole  [1]  yielded: 

1)  4.4  g  (41.2%)  of  1,4-dibenzyl- 3, 5-dimethylp)Tazole  with  b.p.  227-232“  (16  mm),  n“°D  1.5821,  d^®4  1.0620; 
the  picrate  had  m.p.  131-132*  (from  80%  alcohol)  and  did  not  depress  the  melting  point  of  picrates  of  prepara¬ 
tions  obtained  above. 

2)  From  the  low-boiling  fraction  with  b.p.  180-210"  (15  mm)  we  were  unable  to  isolate  l-ethyl-3, 5-di¬ 
methyl -4- benzylpyrazole  in  a  pure  form  or  obtain  its  crystalline  picrate. 

Benzylation  of  1- benzyl- 3,5- dime thylpyrazole.  Analogously,  9.3  g  of  1- benzyl- 3,5- dime thylpyrazole  [1] 
yielded  9.4  g  (68.7%)  of  l,4-dibenzyl-3,5-dimethylpyrazole  with  b.p.  225-229*  (12  mm),  n^D  1.5824,  d^4  1.0627; 
the  picrate  had  m.p.  131-132*  (from  80%  alcohol)  and  did  not  depress  the  melting  point  of  the  picrate  of  a  pyrazole 
synthesized  by  condensation  of  diacetylbcnzylmethane  and  benzylhydrazine  [1]. 

Benzylation  of  3,5-dimethylpyrazole.  Analogously,  4.8  g  of  3,5-dimethylpyrazole  yielded  1.6  g  of  a  frac¬ 
tion  with  b.p.  180-210"  (35  mm),  which  crystallized  rapidly.  Recrysrallization  of  this  from  ligroin  gave  1.1  g  of 
3,5-dimethyl- 4- benzylpyTazole  with  m.p.  148",  which  did  not  depress  the  melting  point  of  a  preparation  obtained 
by  another  synthesis  (see  below). 

Found  %  C  77.07.  77.14;  H  7.62,  7.83.  C12H14N2.  Calculated  %:  C  77.38;  H  7.56. 

The  picrate  had  m.p.  133*  (from  80%  alcohol)  and  did  not  depress  the  melting  point  of  the  picrate  of  a  prep¬ 
aration  obtained  by  another  route  from  benzyldiacetylmethane  (see  below). 

3,5-Dimethyl-4-benzylpyTazole.  A  mixture  of  3.8  g  of  benzyldiacetylmethane  [1]  and  2  ml  of  pyridine 
was  heated  to  boiling  and  the  crystalline  mass  recrystallized  from  ligroin  with  a  small  amount  of  benzene  added. 

We  obtained  2.8  g  (82%)  of  3,5- dimethyl- 4- benzylpyrazole  with  m.p.  148";  the  picrate  had  m.p.  133*  (from  alcohol). 

1- Phenyl- 3,5- dimethyl- 4- benzylpyrazole.  A  mixture  of  3.8  g  of  diacetylbenzylmethanc  and  2.3  g  of  phenyl- 
hydrazine  was  heated  on  a  water  bath  for  15  min  and  then  vacuum  distilled.  We  obtained  4.9  g  (93%)  of  pyrazole 
with  b.p.  222-224*  (13  mm),  n^°D  1.6042,  d^4  1.1029;  the  picrate  had  m.p.  111-112*  (from  80%  alcohol)  and  did 
not  depress  the  melting  point  of  the  picrate  of  the  pyrazole  obtained  by  benzylation  of  1- phenyl- 3,5-dimethyl¬ 
pyrazole  (see  above). 

Reaction  of  1,3,5- trimethylpyrazole  with  benzyl  chloride.  A  mixture  of  5.5  g  of  1,3,5-trimethylpyTazole 
and  19  g  of  benzyl  chloride  was  boiled  under  reflux  (mixture  temperature  about  160")  for  8  hr.  Two  distillations 
yielded  7.6  g  (82%)  of  1- benzyl- 3,5- dimethylp)Tazole  with  b.p  139-141"  (8  mm),  n^D  1.5465,  d^*’4  1.0361; 
the  picrate  had  m.p.  123-124"  (from  80% alcohol)  [1]. 

Reaction  of  1-ethyl- 3, 5-dimethylpyTazolc  with  benzyl  chloride.  1- Benzyl- 3,5- dimethylpyTazole  was  ob¬ 
tained  in  797o  yield  under  analogous  conditions. 

Reaction  of  l-propyl-3,5-dimethylp\Tazole  with  benzyl  chloride.  l-Benzyl-3, 5-dimethylpyTazolc  was  ob¬ 
tained  in  68%  yield  under  analogous  conditions. 

Reaction  of  1- phenyl- 3,5-dimethylpyrazole  with  benzyl  chloride.  1-Phenyl- 3, 5-dimethylpyrazolc  was 
recovered  in  94%  yield  under  analogous  conditions. 

Bcnzylation  of  3,5- dimethylpyTazole  with  benzyl  chloride  in  the  presence  of  benzyl  alcohol.  A  mixture 
of  9.6  g  of  3,5- dimethylpyTazole,  38  g  of  benzyl  chloride,  and  10.8  g  of  benzyl  alcohol  was  heated  under  reflux 
(mixture  temperature  about  160")  for  8  hr.  During  vacuum  distillation  of  the  reaction  mixture,  we  collected  a 
fraction  with  b.p.  135-150"  (11  mm).  The  crude  pyrazole  was  treated  with  30  ml  of  concentrated  hydrochloric 
acid  and  the  acid  solution  extracted  with  benzene  to  remove  neutral  impurities;  the  solution  was  made  alkaline 
with  excess  ammonium  hydroxide  solution  and  the  liberated  base  extracted  with  benzene.  Distillation  of  the 
benzene  extract  yielded  11.9  g  (64%))  of  1- benzyl- 3,5- dimethylpyTazole  with  b.p.  151-152*  (15  mm).  n’^^D  1.5459; 
the  picrate  had  m.p.  123-124"  (from  80%  alcohol). 

1- Isoamyl- 3,5- dimethylpyTazole.  A  mixture  of  9.6  g  of  3,5- dimethylpyTazole  and  49.5  g  of  isoamyl  iodide 
was  boiled  (mixture  temperature  about  120*)  for  8  hr.  The  reaction  mixture  was  heated  with  100  ml  of  concentrated 
hydrochloric  acid  and  the  isoamyl  iodide  extracted  with  benzene.  The  acid  solution  was  made  alkaline  with  sodium 
hydroxide  and  the  liberated  pyTazole  extracted  with  benzene.  Purification  with  acrylonitrile  as  in  the  case  of  1-allyl- 
pyTazole  (see  below)  yielded  9  g  (54%)  of  1- isoamyl- 3,5- dimethylpyTazole  with  b.p.  207-209*  (750  mm),  n^D  1.4700, 
d  4  0,9364. 
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Found  %  N  16.73.  16.48.  CioHisNa-  Calculated  ‘7>-.  N  16.82. 

The  picratc  liad  iii.p.  62-63"  (from  70%  alcohol). 

Found  ‘’/c:  N  18.19.  17.95.  CioHjaNz  •  C6H3O7N3.  Calculated  %  N  17.72. 

The  same  product  was  obtained  by  boiling  for  10  hr  a  mixture  of  38.4  g  of  3,5-dimethylpyrazole,  61.5  g 
of  isoamyl  iodide,  and  45.1  g  of  finely  groimd  potassium  carbonate,  slightly  moistened  with  water.  The  reaction 
mixture  was  dih.ited  with  100  ml  of  water  and  the  oily  layer  separated.  Distillation  of  it  yielded  40  g  (60%)  of 
l-isoamyl-3.5-dimethylp)Tazolc  with  b.p.  208-212"  (761  mm),  n^^D  1.4711;  the  picrate  had  m.p.  61-62"  (from 
70%  alcohol). 

Reaction  of  3.5-dimethylp\Tazolc  witli  allyl  bromide.  A  mixture  of  4.8  g  of  3,5-dimethylpyrazole,  18.2  g 
of  allyl  bromide,  and  2.9  g  of  allyl  alcohol  was  boiled  under  reflux  (mixture  temperature  about  75")  for  8  hr  and 
then  vacuum  distilled.  We  obtained  8.9  g  (69%)  of  l-allyl-3,5-dimethylpyrazole  bromoallylatc  with  b.p.  165- 
167"  (14  mm),  which  crystallized  slowly.  The  very  hygroscopic  crystals  were  extremely  soluble  in  water  and 
alcohol,  but  insoluble  in  nonpolar  solvents  and  contained  ionic  halogen.  All  attempts  to  recrystallize  them  were 
unsuccessful.  After  re  distillation,  the  product  had  b.p.  161-163*  (13  mm)  and  m.p.  about  42"  (indefinite). 

Found  %;  N  11.18,  11.11;  Br  36.68,  38.61.  CgHjoNz  *  CallgBr.  Calculated  %  N  10.94;  Br  36.44. 

A  6.4  g  sample  of  the  bromoallylate  was  treated  with  15  ml  of  hot  concentrated  hydrochloric  acid,  the  allyl 
bromide  separated  by  extraction  with  benzene,  the  residual  acid  layer  treated  with  sodium  hydroxide,  and  the  lib¬ 
erated  allylpXTazole  extracted  v/ith  ether.  The  ether  extract  was  dried  with  potassium  hydroxide  and  distilled. 

We  obtained  3.1  g  (86%)  of  l-a11yl-3,5-dimethylpyrazolc  with  b.p.  188-192"  (751  mm),  n^D  1.4870,  d^4  0.9546. 

Found  N  20.41.  20.27.  C8H12M2.  Calculated  %?  N  20.53. 

The  picratc  had  m.p.  106-108*  (from  80%  alcohol)  and  did  not  depress  the  melting  point  of  the  picrate  of 
a  preparation  obtained  by  alkylation  (see  below). 

Found  %:  N  19.06,  19.02.  CgllizNj  '  CfilljChNg.  Calculated  %:  N  19.15. 

l-Allyl-3,5-dimcthyIpvTazolc.  A  mixture  of  28.8  g  of  3.5-dimethylpyrazolo  and  96.8  g  of  allyl  bromide 
was  boiled  under  re  flux  (mixture  temperature  about  70")  for  5  hr.  The  reaction  mixture  was  poured  into  100  ml 
of  concentrated  hydrochloric  acid  and  lieated  to  boiling.  The  allyl  bromide  was  extracted  with  benzene.  The 
acid  extract  was  made  alkaline  with  sodium  hydroxide  and  the  allyldimethylpyrazole  extracted  with  benzene. 

To  tile  benzene  extract  were  added  2  ml  of  sodium  alcohoiate  solution  and  10  ml  of  acrylonitrile  and  the  mix¬ 
ture  boiled  under  reflux  for  1  hr.  The  benzene,  acrylonitrile,  and  allyldimethylpyrazole  were  distilled  in  a  water- 
pump  vacuum  on  a  boiling  water  bath  and  the  distillate  redistilled  under  normal  pressure.  We  obtained  19.2  g  (48%) 
of  l-allyl-3,5-dimethylpyrazole  with  b.p.  187-190"  (746  mm),  n^D  1.4874,  d^4  0.9559;  the  picratc  had  m.p.  107- 
108"  (from  80%  alcohol). 


SUMMARY 

When  l-alkylp)Tazoles  were  heated  with  alkyl  halides,  alkylation  occurred  in  position  4  of  the  pyrazole 
nucleus  and  in  a  number  of  cases  it  was  accompanied  by  replacement  of  the  alkyl  group  on  the  nitrogen  atom. 
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SYNTHESIS  OF  SUBSTITUTED  ACIDS  THROUGH  FURAN  DERIVATIVES 
m.  ETHYL  ETHERS  OF  a- HYDROXY  ACIDS 

A.  P.  Terent’ev,  R.  A.  Gracheva,  and  L.  M.  Volkova 
Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  2947-2949, 
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Original  article  submitted  September  24,  1959 


In  our  previous  communications  [1,  2]  it  was  shown  that  amino  acids  may  be  obtained  from  amines  of  the 
furan  series  by  oxidation  of  the  furan  nucleus  to  a  carboxyl  group.  A  series  of  benzoyl  derivatives  of  a- amino 
acids  and  aspartic  acid  were  obtained.  In  the  present  communication  we  describe  the  synthesis  of  a-ethoxy  acids 
from  the  corresponding  carbinols  of  the  furan  series  by  this  method. 

In  analogy  with  the  synthesis  of  amino  acids,  we  attempted  to  oxidize  esters  (benzoates  and  acetates)  of 
alkylfurylcarbinols  under  the  conditions  given  in  the  previous  communications  for  the  oxidation  of  benzoyl  deriva¬ 
tives  of  amines  of  the  furan  series.  In  this  case  there  was  hydrolysis  of  the  ester  and  it  was  impossible  to  isolate 
the  corresponding  derivative  of  the  a-hydroxy  acid.  We  therefore  oxidized  the  ethyl  ethers  of  alkylfurylcarbinols. 

V.  F.  Kuchcrov  [3],  who  studied  the  opening  of  the  furan  ring  of  a  series  of  compounds  in  alcohol  containing 
a  catalytic  amount  of  hydrogen  chloride,  observed  that  secondary  a-furylcarbinols  form  ethers  in  good  yields  under 
these  conditions.  To  demonstrate  the  structure  of  these  ethers,  he  oxidized  the  ethyl  ethers  of  butyl-  and  isobutyl- 
furylcarbinols  and  isolated  the  corresponding  ethers  of  a-hydroxy  acids  in  307o  yield.  However,  the  author  did  not 
use  this  method  for  synthetic  purposes. 

We  used  this  method  to  synthesize  the  ethyl  ethers  of  five  secondary  alkyl- a- furylcarbinols  and  oxidized 
them  with  SO'Vo  excess  of  potassium  permanganate  in  a  weakly  alkaline  medium.  The  ethers  of  the  following 
a-hydroxy  acids  were  formed  in  45-70%  yield  in  this  way:  a-hydroxybutyric,  a-hydroxyvaleric,  ot-hydroxycaproic, 
a-hydroxy- 6 -methylcaproic,  and  mandelic  acids. 

The  synthesis  method  may  be  represented  by  the  following  scheme: 
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EXPERIMENTAL 

Alkyl- g- furylcarbinols  (1).  Freshly  distilled  furfural  (0.3  mole)  in  absolute  ether  was  added  with  stirring 
and  cooling  to  the  Grignard  reagent  prepared  from  0.5  mole  of  alkyl  bromide  and  0.5  g-equiv.  of  magnesium  in 
150  ml  of  absolute  ether.  The  reaction  mixture  was  heated  on  a  water  bath  for  30  min,  cooled,  and  decomposed 
with  water.  The  ether  layer  was  separated  by  decantation  and  the  pasty  mass  washed  with  ether.  The  ether  ex¬ 
tracts  were  treated  with  40% sodium  bisulfite  solution  and  dried  with  potassium  carbonate,  the  solvent  w'as  removed, 
and  the  carbinol  fractionated  (Table  1). 
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TABLE  1  • 

Secondary  Carbinols  (I)  (a-C4H30Xi:H(0HX^ 


Yield 

Boiling  point 
(pressure  in  mm) 

M  Uj, 

j: 

m 

Our  data 

Literature 

data 

"a" 

9J 

73..')-  7.5''  (10) 

r,7-_r„s  (ii)[t) 

1.5700 
,1.1 7.79  Pjl 

1  ( (3.70 

.31.10  (31..71;) 

n-C.^Il;  1 

(■)2 

.s't-si;  (10) 

•sl-.s.',  (9)111 

I.57.S8 

1..17ii8) 

1.0201 

39.1H  1(39.17) 

11-1:4  Ilf, 

70 

10|-lo:(  (11) 

78  -80  (3)  Pi 

1.57  50 
( 1. 57' pi]) 

0.988') 

!  l.oiO  1  Pi) 

•53.17  (1;L78) 

iso-Call,, 

(ill  1 

102— io:j  (10) 

ILS  (il)l--l 

1. -17.73 
(1.1793  (.-•!) 

0.9'' 52 
(0.9vsj(.'.ji 

1.^12  (i.s..7:n 

C«ll.-,  I 

5't  1 

138-1-11  (10) 

138  -1  52(10)11] 

1. .*>.')  1.7 

(')^‘-!'>  1..7.‘>22i 

1.1320 

19.21.(59.31) 

TABLE  2 • 

Ethyl  Ethers  (a-C.iH30)Cn(0C2H5)R 


JC 

Yield 

Boiling  point 
(pressure  in  mm) 

M  Uj, 

Our  data  j 

Literature 

data 

■a''" 

(i  ,*  ' 

Collr, 

89 

.72  .'.1''  (!0) 

105  ,00°  I'') 

1 .  '1  '(7.) 

0.9.7.38 

13.83  (i:!.90) 

n-C:;ll7  *• 

8.7 

(5.7  -()8  ,'>) 

— 

1.17  52 

o.9:'.:;3 

1.3.10  (1.S..71( 

n-C,  11;, 

9) 

105  -100  (20) 

79-81  (7)l''l 

1 . 5  590 

(//,i->  1.1.720) 

0.920  5 

.7:1.09  (.73. 1.7) 

iso-Call], 

88 

.30-88  •  (0) 

— 

1.117.3 

0.909.7 

.77.().3  (.77.77 ) 

W.ll.-, 

5o 
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m.p..32° 

— 

— 

“  ■ 

TABLE  3  • 

a-Ethoxy  Acids  RCH(OC2H5)COOH 


Jt 

1 

1 

Yield! 

Boiling  point 
(pressure  in  mm) 

M  Hj, 

Equivalent 

(7.’) 

Our  data 

Literature 

data 

"jP 

weight 

C..II3 

10 

S2-.S1°(!0) 

1.1101 

0.9931 

.3  2.9) 

133  (132) 

n-C^M; 

00 

110  (10) 

121  (17)  I'j 

1.1172 

0.9723 

(3.3.09) 

:i7.8') 

118  (110) 

n-C,!!,, 

121—120  (10) 

127  (11)  I')] 

1 .12.71 

0.9091 

(37.71) 

52.19 

11)1  (100) 

0 

1 

.70 

130-132  (10) 

(1.1202  P|  ,' 
1 .12.79 

0.9.701 

(12.3') 

10.83 

175  (171) 

QII.-, 

70 

100-101  (10) 

173  (18)  IS] 

— 

— 

(10.91) 

I.S2  (180) 

•Literature  or  calculated  data  are  given  in  brackets. 

*  •Ethyl  ether  of  propyl  -  a  furylcarbinol:  Found  C  70.98,  71.15.  CioHi602* 
Calculated  %  c  71.39. 


2921 


Ethyl  ethers  of  alkylfurylcarbinols  (IT)-  To  a  solution  of  0.1  mole  of  alkylfurylcarbinol  in  70  ml  of 
anhydrous  ethanol  was  added  1  ml  of  an  alcohol  solution  containing  0.109  g  of  hydrogen  chloride  and  the  mix¬ 
ture  left  for  5  days.  The  solution  was  poured  into  500  ml  of  cold  water,  the  mixture  extracted  with  ether  and 
the  ether  layer  separated,  washed  with  10% potassium  carbonate  solution,  and  dried  with  magnesium  sulfate. 

After  removal  of  the  solvent,  the  residue  was  vacuum  distilled  (Table  2). 

g-Ethoxy  acids  (III).  To  a  solution  of  0.1  mole  of  the  ethyl  ether  of  the  alkyl-  a- furylcarbinol  in  300  ml 
of  acetone  was  added  1  ml  of  20%  potassium  hydroxide  and  a  solution  of  0.79  mole  of  potassium  permanganate 
in  2  liters  of  water  added  slowly  with  stirring  (the  temperature  of  the  reaction  mixture  was  kept  below  10*).  The 
manganese  dioxide  was  collected  by  filtration  and  washed  with  hot  water.  The  combined  filtrates  were  evaporated 
almost  to  dryness  in  vacuum  at  50-60*  and  the  residue  treated  with  30%  sulfuric  acid  and  extracted  with  ether.  The 
ether  extract  was  washed  with  water  and  dried  with  magnesium  sulfate.  After  removal  of  the  solvent,  the  a-ethoxy 
acid  was  vacuum  distilled.  For  identification  of  the  acids  obtained,  their  equivalent  weights  were  determined 
(Table  3). 


SUMMARY 

g-Ethoxy  acids  were  synthesized  according  to  the  general  scheme:  furfural  -*  alkylfurylcarbinol  -*•  ethyl 
ether  of  alkylfurylcarbinol  -*•  g-ethoxy  carboxylic  acid. 
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ANTHRACENE  DERIVATIVES 

VII.  REACTIVITY  OF  1.2- ANTHRAFUR.\ZAN  AND  1.2- ANTHRASELENODIAZOLE 

M.  V.  Gorelik  and  S.  V.  Bogdanov 

Scientific  Research  Institute  of  Organic  Intermediates  and  Dyes 
Translated  from  Zhurnal  Obshchei  Khimii.  Vol.  30.  No.  9.  pp.  2949-2954. 
September,  1960 

Original  article  submitted  August  20,  1958 


Li  pre  vious  communications  [3,  2]  it  was  shown  that  nitrosoanthrols  and  some  of  their  derivatives  arc  similar 
to  the  corresponding  compoui.ds  of  the  naphthalene  series  in  methods  of  preparation  and  many  chemical  properties. 

It  seemed  interesting  to  determine  the  extent  to  which  the  characteristics  of  the  anthracene  molecule  are  retained 
in  the  substances  studied  in  the  given  work. 

As  subjects  for  investigation  wc  chose  1,2-anthrafurazan  (I),  which  is  formed  readily  by  the  action  of  alkali 
on  1,2-anthraquinonc  dioxime  (II)  [2],  and  1.2-anihrasclenodiazole  (III),  which  was  obtained  from  compound  (II) 
by  successive  treatment  with  stannous  ciiloride  and  selenium  dioxide.  It  might  have  been  expected  that  the  elec- 
tropliilic  hetero  atoms  of  the  furazan  and  selenodiazole  rings  would  reduce  the  activity  of  the  meso  positions  of 
the  carbon  nuclei  in  substances  (I)  and  (EH)  in  comparison  with  anthracene. 

In  actual  fact,  in  contrast  to  anthracene  [3],  neither  1.2-antlirafura7an  (I)  nor  1,2-anthraselenodiazole  added 
maleic  anhydride,  V/hile  anthracene  is  brominated  quantitatively  by  dioxane  dibromide,  [4],  the  bulk  of  compounds 
(I)  and  (III)  remained  unchanged. 

Despite  their  appreciable  deactivation  in  comparison  with  anthracene,  positions  9  and  10  in  the  molecules 
of  (I)  and  (III)  remained  the  most  reactive.  The  oxidation  cf  compounds  (I)  and  (III)  v/ith  chromic  anhydride  in 
glacial  acetic  acid  led  to  1,2- furazan-9,  10-anthraquinone  (IV)  and  l,2-selenodiazole-9,10-anthraquinonc  (V), 
respectively.  The  former  formed  a  purple-red  molecular  compound  with  1,2-anthrafurazan  (I)  and  this  was  de¬ 
composed  by  solution  in  organic  solvents. 

Quinones  (I\')  and  (V)  were  reduced  in  sodium  hydrosulfite  solution  to  the  corresponding  leuco  compounds, 
which  were  converted  into  the  leuco  compound  of  1,2-diaminoanthraquinone  by  heating  and  then  into  1,2-diamino- 
anthraquinone  (VI)  by  oxidation  with  air.  The  selenodiazole  obtained  from  the  diamine  (VI)  by  the  action  of 
selenium  dioxide  was  identical  with  the  product  obtained  by  oxidation  of  compound  (III)  with  chromic  anhydride. 

The  similarity  in  structure  of  products  (I)  and  (HI),  which  was  observed  in  their  chemical  conversions,  was 
also  shown  by  the  similarity  of  their  spectra  (figure,  curves  1  and  2).  The  bathochromic  shift  of  the  absorption 
curve  of  the  selenodiazole  (III)  in  comparison  with  the  oxadiazole  (I)  agrees  with  literature  data  on  the  greater 
effect  of  the  selenium  atom  on  the  color  of  organic  compounds  [5].  With  a  change  from  compounds  (I)  and  (III) 
to  tlieir  oxidation  products  (IV)  and  (V),  the  relative  shift  of  the  curves  decreased  considerably  (figure,  curves  3 
and  4)  and  the  nature  of  the  curves  of  the  quinoncs  was  similar  to  that  of  anthraquinone  [6]. 

EXPERIMENTAL 

1,2-AnthrasclenodiazoIe  (IH).  To  a  solution  of  1  g  of  the  dioxime  (II)  in  40  ml  of  alcohol  at  60*  was  added 
5  g  of  stannous  chloride  in  5  ml  of  concentrated  hydrochloric  acid.  A  yellow  precipitate  began  to  form  after  a  few 
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minutes.  After  the  mixture  had  been  boiled  for  20  min,  the  precipitated  rectangular  platelets  of  1,2-anthra- 
diamine  hydrochloride  were  collected,  washed  until  neutral  with  20^70  sodium  chloride  solution,  and  stirred  at 
room  temperature  in  50  ml  of  a  5% solution  of  selenium  dioxide.  The  precipitate  (1.05  g)  was  collected,  washed 
with  water,  dried,  and  recrystallized  from  glacial  acetic  acid.  The  yield  was  0.84  g  (TO^o).  The  light-yellow 
platelets  were  insoluble  in  aqueous  solutions  of  acids  and  alkalis,  sparingly  soluble  in  alcohol,  ether,  and  benzene, 
and  more  soluble  in  acetic  acid  and  pyridine;  the  m.p.  was  186.4-186.7*.  The  substance  sublimed  readily  in  vacuum 
at  160-180*. 

Oxidation  of  the  1,2-anthradiamine  hydrochloride  prepared  by  reduction  of  l-phenylazo-2-anthramine  [7], 
with  selenium  dioxide  yielded  a  selenodiazole,  m.p. 186-186. 5*;  a  mixture  with  the  substance  from  the  dioxime 
(II)  melted  at  186-186.5*. 

Found  '7cc  C  59.56;  H  2.87;  N  9.83.  Ci^HgNjSe.  Calculated  <70:  C  59.38;  H  2.85;  N  9.89. 

Reaction  with  maleic  anhydride.  A  solution  of  0.220  g  of  anthrafurazan  (I)  and  0.1  g  of  maleic  anhydride 
in  2  ml  of  xylene  was  boiled  for  1  hr.  The  yellowish  platelets  which  precipitated  on  cooling  (0.18  g)  were  collected, 
washed  with  benzene,  and  dried  and  had  m.p.  175.5*;  a  mixture  with  the  original  (I)  had  m.p.  175.5-176*.  Steam 
distillation  of  the  organic  solvents  from  the  filtrate  yielded  a  further  0.028  g  of  compound  (I)  (total  of  9570). 

As  a  result  of  analogous  treatment  of  0.283  g  of  selenodiazole  (III),  we  obtained  0.244  g  (867o)  of  starting 
material. 


i 

! 
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Absorption  spectra  of  alcohol  solutions.  1)  1,2- 
Anthrafurazan  (I);  2)  1.2-anthraselenodiazole  (III); 
3)  l,2-liirazan-9,10-anthratiuinone  (I\0;  4)1,2- 
sclcnodiazolc  -  9 , 10-  anthraquinonc  (V ). 


Bromination  with  dioxane  dibromide.  A  solution 
of  0.220  g  of  anthrafurazan  (I)  and  0.26  g  of  dioxane 
dibromide  in  3  ml  of  anhydrous  dioxane  was  heated  at 
65-70“  for  2  hr;  the  solution  w.as  not  decolorized.  Pouring 
the  solution  into  water,  filtration,  and  recrystallization  of 
the  product  from  carbon  tetrachloride  yielded  0.16  g 
of  a  substance  which  did  not  contain  bromine  or  depress 
the  melting  point  of  the  starting  material  (I). 

After  analogous  treatment  of  0.283  g  of  substance 
(III),  recrystallization  of  the  product  from  glacial  acetic 
acid  yielded  0.198  g  (TO^yo)  of  the  starting  sclcnodiazole  (III). 

Small  amounts  of  bromine -containing  substances  were 
isolated  from  the  filtrates  from  crystallization  in  the  two 
cases. 

1, 2- Furazan- 9, 10 -anthraquinonc  (IV).  To  a  boiling 
solution  of  1  g  of  anthrafurazan  (I)  in  30  ml  of  glacial 
acetic  acid  was  added  2  g  of  73.4%  chromic  anhydride  in 
small  portions.  The  mixture  was  boiled  for  5  min  and  diluted 
with  water.  On  cooling,  the  precipitate  was  collected,  washed 
with,  water,  and  dried.  The  yield  was  0.96  g  .  The  fine, 
light- yellow  prisms  (from  glacial  acetic  acid  or  benzene) 
had  m.p.  216-210.5*.  The  substance  did  not  change  when 
boiled  with  excess  chromic  anhydride  in  glacial  acetic  acid 
and  was  insoluble  in  water,  sparingly  soluble  in  alcohol  and 
ether,  and  more  soluble  in  chlorobenzene  and  pyridine.  An 
intense  blue- violet  color  appeared  when  hydrosulfite  was 


added  to  alkaline  solutions  and  this  changed  to  orange -red  on  heating. 


Found  C  67.13;  H  2.55;  N  11.46.  Ci^HcOaNj.  Calculated  C  67.20;  H  2.41;  N  11.20. 

Molecular  compound  of  quinone  (IV)  with  1,2- anthrafurazan.  a)  When  a  mixture  of  0.125  g  of  quinone  (IV) 
and  0.11  g  of  compound  (I)  was  introduced  into  10  ml  of  glacial  acetic  acid,  the  light-yellow  precipitate  immediate¬ 
ly  acquired  a  red  color.  After  healing,  the  yellow  solution  deposited  long  red  prisms  (0.19  g)  with  m.p.  205°;  the 
melting  point  ot  the  substance  was  unchanged  by  further  recrystallization  from  glacial  acetic  acid;  a  mixture  with 
compound  (I)  melted  at  196*.  The  red  color  of  the  compound  disappeared  when  the  latter  was  dissolved  in  organic 
solvents  and  molten  camphor;  the  absorption  spectrum  of  solutions  corresponded  to  the  superposition  of  the  spectra 
of  compounds  (I)  and  (I\').  The  red  color  did  not  disappear  when  the  substance  was  fused. 


b)  The  compound  was  also  obtained  by  oxidation  of  1  g  of  anthrafurazan  (I)  with  0,62  g  of  73.4% of  chromic 
anhydride  in  boiling  glacial  acetic  acid.  Coarse,  purple- red  prisms  were  formed.  The  yield  was  0.8  g  and  after 
recrystallization  from  glacial  acetic  acid,  the  substance  had  m.p.  204.5*;  a  mixture  with  the  substance  obtained 
in  case  (a)  melted  at  205*. 

Found  %  C  71.50;  H  3.03,  11.94.  M  239  (cryosCopically  in  camphor).  (C14II6O3N2  +  CiiH80N2)i/2.  Cal¬ 
culated  %  C  71.48;  H  3.00;  N  11.91.  M  235.2. 


1.2-Selenodiazolc-9,10-anthraqu’nonc  (V).  a)  To  a  boiling  solution  of  0.3  g  of  sclcnodiazole  (III)  in  10  ml 
of  glacial  acetic  acid  was  added  a  solution  of  0,5  g  of  73.4%  chromic  anhydride  in  15  ml  of  acetic  acid.  A  brovm 
precipitate  formed  when  the  solutions  were  mixed  and  this  dissolved  on  further  boiling.  To  the  solution  was  added 
40  ml  of  water  and  the  crystals  which  precipitated  on  cooling  were  collected  and  recrystallized  from  nitrobenzene. 

The  yield  was  0.12  g  .  The  golden-yellow  rectangular  platelets  were  insoluble  in  water  and  ligroin,  sparingly  solu¬ 
ble  in  alcohol  and  benzene,  and  mere  soluble  in  chlorobenzene  and  glacial  acetic  acid;  they  had  m.p,  312*  (decomp.) 
and  their  absorption  spectrum  is  given  by  curve  4  in  the  figure.  The  substance  formed  deep-blue  solutions  in  alkali 
in  the  presence  of  sodium  hyposulfite  and  these  became  c’-angc-red  on  heating. 
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b)  To  a  heated  solution  of  0.48  g  of  the  diamine  (VI)  obtained  from  the  quinone  (IV)  In  80  ml  of  acetic 
acid  was  added  an  aqueous  solution  of  1  g  of  selenium  dioxide.  After  the  solution  had  been  boiled  for  a  few 
minutes,  its  initial  intense  violet- red  color  changed  to  a  weak  brownish  red.  After  the  solution  had  been  evaporated 
to  half  of  its  volume  and  cooled,  the  greenish-yellow  precipitate  (0.57  g)  was  collected  and  recrystallized  from  nitro¬ 
benzene.  The  yield  was  0.44  g  (lO^/o)  and  the  m.p.  was  312*  (decomp.);  a  mixture  with  the  substance  obtained  in 
case  (a)  melted  at  312*  (decomp.);  the  absorption  spectrum  corresponded  to  curve  4  (figure).  An  identical  compound 
was  synthesized  from  the  diamine  (VI)  obtained  by  animation  of  2-aminoantliraquinone-l-sulfonic  acid  [8]. 

Found  N  8.95.  CwHeOjNjSe.  Calculated  %  N  8.95. 

1.2-Diaminoanthraquinone  (VI).  a)  A  mixture  of  1.25  g  of  quinone  (IV),  150  ml  of  4*70 sodium  hydroxide, 
and  6  g  of  sodium  hydrosulfite  was  boiled  for  20  min.  The  initial  intense  blue  color  of  the  solution  soon  changed 
to  red.  After  the  solution  had  been  boiled,  air  was  passed  through  it  for  2  hr  until  a  sample  of  the  solution  on  filter 
paper  showed  no  color.  The  precipitate  was  collected,  washed  with  water,  dried,  and  recrystallized  from  nitro¬ 
benzene.  Brownish-violet  needles  with  a  bronze  luster  were  formed.  The  yield  was  1.02  g  (7970)  (cf.  also  [9]). 

b)  Analogously,  from  0.3  g  of  quinone  (V)  in  40  ml  of  sodium  hydroxide  solution  containing  1.5  g  of  so¬ 
dium  hydrosulfite  we  obtained  0.1  g  of  quinone  (VI). 

Spectroscopic  measurements.  Solutions  in  alcohol  with  concentratiorts  of  10"^  and  0.25  •  10"*  M  were  used 
for  spectroscopic  measurements.  Measurements  were  made  at5m|i  intervals  on  an  SF-4  spectrophotometer. 

SUMMARY 

1.  By  oxidation  with  selenium  dioxide,  1,2-diaminoanthracene  and  1.2-diaminoanthraquinone  were  converted 
Into  1,2-anthraselcnodiazolc  and  l,2-selenodiazole-9,10-anthraquinone,  respectively. 

2.  1,2  Anthrafurazan  and  1,2-anthraselenodiazole  do  not  add  maleic  anhydride  and  are  brominated  by  diox- 
ane  dibromide  with  much  more  difficulty  than  anthracene. 

3.  1,2- Antltrafurazan  and  1,2-antliraselenodiazole  are  oxidized  by  chromic  anhydride  to  1,2- furazan- 9,10- 
anthraquinone  and  l,2-selenodiazole-9,10-antliraquinone,  respectively,  vrhich  are  reduced  to  the  leuco  compound 
of  1.2-diaminoanthr.iquinone  m  an  alkaline  solution  of  sodium  hydrosulfite. 

4.  Positions  9  and  10  in  molecules  of  1,2- antltrafurazan  and  1,2-anthra.selenodiazole  retain  an  increased 
reactivity,  but  their  activity  is  reduced  in  comparison  with  anthracene  by  the  electrophilic  effect  of  the  hetero 
rings. 
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It  was  previously  proposed  [1]  that  the  formation  of  bisulfite  canpounds  of  oxo  derivatives  of  anthracene 
and  naphtlialene  should  be  regarded  as  1,4- addition  of  bisulfite  to  the  system  of  conjugated  bonds  of  the  corre¬ 
sponding  quinoid  or  ketonic  form  of  the  oxo  derivative.  The  addition  of  bisulfite  to  1,4-anthraquinonc  (I)  is 
examined  in  the  preseiit  work. 

The  bulk  of  1,4-antliraquinone  dissolves  t/hen  treated  with  sodium  bisulfite  in  an  aqueous  medium  and  a 
small  part  is  reduced  to  1,4-dihydroxyanihracene.  Saturation  of  a  bisulfite  solution  of  1,4-anthraquinone  (I)  with 
sodium  chloride  leads  to  separation  of  a  bisulfite  compound  with  the  composition  Ci4Hg02 ' 2NaHS03,  while  oxida¬ 
tion  with  chromic  acid  gives  the  sodium  salt  of  1,4-anthraquinone -2- sulfonic  acid,  which  readily  exchanges  the 
sulfonic  acid  group  for  an  aromatic  amine  residue.  The  bisulfite  compound  isolated  was  decomposed  in  the  pres¬ 
ence  of  alkalis,  but  did  not  change  when  heated  with  dilute  acids  and  chromic  anliydride  solution.  Consequently, 

1.4-  anthraquinone-2- sulfonic  acid  is  not  the  conversion  product  of  this  bisulfite  compound,  but  is  formed  from 

1.4- dihydroxyanthraccne-2-sulfonic  acid  (II),  which  may  be  extracted  with  alcohol  from  the  dry  residue  from 
evaporation  of  tlie  bisulfite  solution.  In  boiling  acetic  anhydride,  compound  (II)  gives  the  diacetyl  derivative 
and,  in  contrast  to  the  bisulfite  compound,  is  readily  oxidized  to  the  quinonesulfonic  acid. 

The  bisulfite  compound  is  converted  into  the  monooxide  of  1.4-anthraquinone-2-s'ilfonic  acid  by  the  action 
of  hydfoxylamine  in  acetic  acid,  but  is  not  changed  in  the  absence  of  hydroxylamine.  The  unstable  oxime  of  the 
bisulfite  compound  is  evidently  formed  initially  and  then  undergoes  further  conversions.  The  presence  of  a  free 
carbonyl  group  in  the  bistilfite  compound  was  demonstrated  by  measurement  of  the  infrared  spectrum,*  where  an 
intense  band  was  detected  at  1675  cm'^,  which  is  characteristic  of  the  CO  group  of  aromatic  ketones  [2].  In  the 
ultraviolet  spectrum  of  tlie  bisulfite  compound  of  1.4-antlu-aquinone .  as  in  the  spectra  of  bisulfite  compounds  of 

1.4- nitrosoanthrol  and  1,4-antliraquinone  dioxime  [3],  the  main  maximum  lay  at  about  270  mp. 

The  data  obtained  make  it  possible  to  represent  the  structure  of  the  bisulfite  compound  of  l,4-anthr3quinone 
by  the  formula  of  l-oxo-4-hydroxy-l,2,3,4-tetrahydroantliracene-2,4-disulfonic  acid  (HI)  and  the  reaction  of  1,4- 
anthraquinone  with  bisulfite  by  the  scheme  on  the  following  page: 

The  initial  stage  shows  a  1,4- addition  of  bisulfite  to  the  conjugated  system  C  =  C~C  =  Oof  1,4-anthra¬ 
quinone.  One  of  the  tautomeric  forms  of  the  product  formed  is  2,3-diliydro-l,4-anthraquinone-2-sulfonic  acid 
(IV)  and  the  addition  of  a  second  bisulfite  molecule  to  the  CO  group  of  this  probably  occurs  at  position  4  due  to 
steric  hindrance  and  this  leads  to  the  bisulfite  compound  (HI).  The  first  stage,  namely,  the  addition  of  bisulfite 
to  the  quinonc  (I),  proceeds  most  slowly  so  that  compound  (HI)  is  formed  even  with  an  cquimolecular  ratio  of 
quinone  (I)  and  bisulfite.  Starting  from  formula  (III),  the  monooxime  of  1,4- anthraquinone-2- sulfonic  acid,  to 
which  the  bisulfite  compound  is  converted  by  the  action  of  hydroxylamine,  should  apparently  be  assigned  the 

•The  infrared  spectrum  was  measured  by  A.  N.  Rodionov,  to  whom  the  authors  are  grateful. 
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structure  of  a  1- oxime.  This  is  indirectly  confirmed  by  the  fact  that  the  monooximc  is  not  converted  into  2,4- 
dinitro-l-antlirol  in  dilute  nitric  acid,  which,  in  analogy  with  the  naphthalene  derivative  [4],  should  be  charac¬ 
teristic  of  the  4- oxime. 


EXPERIMENTAL 

Reaction  of  1,4-anttuaquinone  (I)  with  sodium  bisulfite.  1,4- Anthraquinone  (I)  was  prepared  by  oxidation 
ofl-anthrol  with  potassium  nitrosodisulfonate  [5]  and  recrystallized  from  acetone  and  had  m.p.  220“  (decomp.). 

A  2.08  g  sample  of  qiiinonc  (I)  was  introduced  over  a  period  of  30  min  with  stirring  into  a  mixture  of  6  g  of  a 
39%  solution  of  sodium  bisulfite  and  10  ml  of  water.  Stirring  was  continued  for  6-8  hr  at  50-60“,  when  the  bulk 
of  the  substance  dissolved.  When  crystals  of  quinone  (I)  could  no  longer  be  detected  in  a  sample  under  a  micro¬ 
scope,  the  finely  disperse  precipitate  was  extracted  with  ether. 

Evaporation  of  the  ether  extract  yielded  a  greenish-yellow  residue  of  1,4-dihydroxyanthracene  (0.393  g, 
about  18.5%);  the  diacetyl  derivative  formed  needles  (from  aqueous  alcohol)  with  m.p.  169-169.5“;  a  mixture 
with  1,4-diacetoxyanthracene,  which  was  prepared  by  reduction  of  the  quinone  (I)  with  zinc  dust  in  acetic  anhy¬ 
dride  [6],  melted  at  169“. 

The  aqueous  layer  was  treated  in  two  ways:  a)  after  the  layer  had  been  heated  to  remove  ether,  the  deriva¬ 
tive  was  salted  out  with  2.5  g  of  sodium  chloride.  After  2  days,  the  precipitate  was  collected,  washed  with  alcohol, 
and  purified  by  precipitation  from  aqueous  solution  with  alcohol.  The  yield  of  the  sodium  salt  of  compound  (III) 
was  0.97  g  (23.3%).  Under  analogous  conditions,  but  with  2.74  g  of  38% sodium  bisulfite  used,  only  50% of  com¬ 
pound  (I)  dissolved  and  0.42  g  (10%)  of  the  bisulfite  compound  (III)  was  salted  out. 

b)  The  aqueous  layer  was  evaporated  and  the  dry.  ground  residue  extracted  with  boiling  alcohol  (200  ml). 

The  yellow  alcoliol  solution  obtained  by  extraction  had  a  green  fluorescence  and  was  evaporated  on  a  water  bath; 
the  greenish-gray  residue  was  dried  at  120“.  The  yield  of  the  unpurified  sodium  salt  of  compound  (II)  was  1.28  g 
(about  40%);  tile  product  (11)  was  converted  into  l,4-anthraquinone-2-sulfonic  acid  by  oxidation  and  into  1,4- 
diacctoxyanthracene- 2- sulfonic  acid  by  acetylation.  The  alcohol- insoluble  part  was  dissolved  in  20  ml  of  water 
and  treated  with  20%  barium  acetate  solution  until  a  slight  excess  of  barium  ions  appeared  and  these  were  removed 
by  the  addition  of  a  drop  of  107o  sulfuric  acid.  The  precipitate  of  barium  salts  was  collected  and  washed  with  water. 
The  solution  was  evaporated  to  dryness  in  a  stream  of  air  at  room  temperature,  after  which  the  residue  was  boiled 
with  100  ml  of  alcohol  for  the  extraction  of  sodium  acetate,  collected  by  filtration,  w'ashed  with  hot  alcohol,  and 
purified  by  precipitation  from  aqueous  solution  with  alcohol.  The  yield  of  the  sodium  salt  of  the  bisulfite  compound 
(in)  was  1.34  g  (32%). 

The  colorless  needles  were  insoluble  in  alcohol,  benzene,  and  ether  and  very  readily  soluble  in  water.  The 
substance  did  not  contain  water  of  crystallization,  did  not  give  a  color  v/iih  ;jiric  chloride  solution,  did  not  de¬ 
colorize  fuchsin  solution,  and  did  not  give  a  precipitate  with  barium  chloride  or  silver  nitrate  solution.  When  the 
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solution  was  made  alkaline,  substance  (HI)  rapidly  darkened,  changing  color  from  yellow  to  brown  and  then  al¬ 
most  black,  and  an  amorphous  precipitate  formed;  subsequent  acidification  formed  a  yellow  solution  which  con¬ 
tained  a  very  small  amo'.mt  of  the  quinone  (I).  Boiling  a  20‘'/o solution  of  substance  (III)  in  0.5  N  sulfuric  acid  for 
1  hr  and  addition  of  alcohol  yielded  the  starting  compound,  while  no  signs  of  oxidation  were  observed 

when  a  solution  of  chromic  anliydride  was  added.  Boiling  a  solution  of  substance  (HI)  in  20% sulfuric  acid  formed 
darlt-colorcd  decomposition  products.  Absorption  spectrum  of  compound  (III)  in  50%  alcohol:  ^max 
370  m/i.  15,800,  ,58,800,  4030. 

Found  %  C  40.27;  H  2.10;  S  15.39;  Na  11.16.  CnHioOgSjNaj.  Calculated  %  C  40.38;  H  2.42;  S  15.40; 

Na  11.05. 

Under  analogous  conditions,  but  at  room  temperature  with  treatment  as  in  variant  "b",  2.08  g  of  (I)  yielded 
0.254  g  (about  12%)  of  1. 4-dihydroxyanthracene,  0.56  g  (about  13%)  of  the  bisulfite  compound  (III),  and  2.04  g 
(about  65%’)  of  1, 4-dihydroxyanthracene -2- sulfonic  acid  (11). 

1.4-  Diacetoxyantliracene- 2- sulfonic  acid.  A  mixture  of  1  g  of  the  sodium  salt  of  compound  (EL)  and  20  ml 
of  acetic  anliydride  was  boiled  for  15  min.  A  yellow  solution  was  formed  initially  and  iliis  soon  began  to  deposit 
crystals.  On  cooling,  the  precipitate  was  collected  and  waslied  well  with  alcohol.  The  yield  was  0.88  g.  The 
fine,  colorless  needles  (from  907o alcohol)  were  readily  soluble  in  water  and  very  sparingly  soluble  in  alcohol. 

The  substance  was  dried  at  120‘  for  analysis. 

Found  7ir  C  54.36;  H  3.33;  N,i  6.05.  CigHiaOjSNa.  Calculated  C  54.54;  H  3.31;  Na  5.80. 

1.4-  Anthraquiuone-2-sulfonic  acid,  a)  A  2.08  g  sample  of  the  quinone  (I)  was  treated  with  sodium  bisul¬ 
fite  as  descriljed  above,  but  at  room  temperature.  After  extraction  of  the  1,4-dihydroxyanthracenc  (about  127o) 
with  ether,  the  bisulfite  solution  was  acidified  w'ith  1  ml  of  207o  sulfuric  acid  and  boiled  for  15  min.  To  the 
cooled  solution  was  added  5  ml  of  a  2  M  solution  of  chromic  anhydride  in  207o sulfuric  acid.  The  color  of  the 
solution  changed  from  bio\’mish  yellow  to  red  and  the  temperature  rose  a  few  degrees.  With  the  addition  of  60  ml 
of  a  saturated  sodium  chloride  solution,  yellow  needles  immediately  began  to  precipitate  and  these  were  collected 
and  washed  with  alcohol  and  ether.  The  yield  of  the  sodium  salt  of  1,4- anthraquinone- 2- sulfonic  acid  was  1.28  g 
[427o,  calculated  on  the  quinone  (I)  dissolving].  Under  analogous  conditions,  but  without  boiling  of  the  acidified 
solution,  there  was  stronger  heat  evolution  due  to  oxidation  of  the  excess  sodium  bisulfite  and  the  yield  fell. 

b)  To  a  solution  of  1.25  g  of  unpurified  sodium  salt  of  compound  (H)  in  15  ml  of  water  was  added  3  ml 
of  a  2  M  solution  of  chromic  anhydride  in  207o sulfuric  acid.  The  addition  of  30  ml  of  saturated  sodium  chloride 
solution  precipitated  0.83  g  (about  607o)  of  sodium  1.4-antliraquinonc-2-sulfonatc.  The  substance  dissolved  readily 
in  water  and  sparingly  ir  alcohol.  The  addition  of  an  aqueous  solution  of  aniline  to  a  solution  of  the  substance 
produced  a  red  color  and  a  precipitate  began  to  form. 

Found  7<x  Na  6.42;  HnO  10.8  (dried  at  120*).  Ci4H705SNa  •  2H2O.  Calculated  7t  Na  6.64;  lIjO  10.40. 

2- Phenyl- amino- 1,4  anthraquinone.  To  a  solution  of  0.4  g  of  sodium  l,4-anthraquinone-2-sulfonate 
in  15  ml  of  water  at  50°  was  added  5  ml  of  a  37'’ aqueous  solution  of  aniline.  The  color  of  the  solution  immediate¬ 
ly  changed  from  yellow  to  an  intense  red  and  a  precipitate  began  to  form;  the  precipitate  was  collected,  washed 
with  water,  and  dried.  The  yield  was  0.12  g.  Tlie  brownish-red  platelets  with  a  bronze  luster  (from  glacial  acetic 
acid)  were  sparingly  soluble  in  alcohol  and  benzene  and  more  soluble  in  chlorobenzene  and  glacial  acetic  acid; 
a  solution  in  concentrated  sulfuric  acid  had  a  violet-red  color  and  the  m.p.  was  274*. 

Found  7'^  N  4.52.  CjoHiaOjN.  Calculated  7t  N  4.68. 

2-(p-Tolylamino)- 1,4- anthraquinone.  This  substance  was  obtained  analogously  to  2-phenylamino-l,4- 
anthraquinonc  from  0.4  g  of  sodium  1,4- anthraquinone- 2- sulfonate  and  10  ml  of  a  l7o  solution  of  p-toluidine. 

The  yield  was  0.128  g.  The  yellowish  brown  platelets  (from  glacial  acetic  acid)  had  m.p.  260";  a  solution  in 
concentrated  sulfuric  acid  had  a  reddish  violet  color. 

Found  N  4.25.  C21H15O2N.  Calculated  7<?  N  4.47. 

1,4- Anthraquinone -2- sulfonic  acid  monooxime.  A  solution  of  4.2  g  of  the  sodium  salt  of  compound  (III), 

1.4  g  of  hydroxylamine  hydrochloride,  and  6  g  of  crystalline  sodium  acetate  in  25  ml  of  water  was  heated  at  50* 
for  8  hr.  Even  in  the  first  15  min,  yellow  crystals  began  to  form  and  a  thick  suspension  was  soon  formed.  When 
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the  mixture  cooled,  the  precipitate  was  collected,  washed  with  water,  recrystallizcd  from  water,  and  dried  at 
110*.  The  yield  of  sodium  1,4- anthraquinone- 2- sulfonate  monooxime  was  2.69  g  (83^o).  In  a  control  experiment, 
1.68  g  of  compound  (III),  1.1  g  of  27% hydrochloric  acid,  and  2.4  g  of  crystalline  sodium  acetate  was  heated  at 
50*  in  10  ml  of  water.  No  visible  changes  in  the  solution  were  detected  either  during  the  heating  or  during  the 
subsequent  addition  of  chromic  anhydride  solution;  the  addition  of  alcohol  precipitated  1.14  g  (68%)  of  the  start¬ 
ing  bisulfite  compound. 

Sodium  1,4- anthraquinone -2- sulfonate  monooxime  formed  fine  yellow  silky  needles  which  were  soluble 
in  water  and  sparingly  soluble  in  alcohol.  Absorption  spectrum  in  alcohol:  ^i^iax  ®  47,000, 

26,600,  6900;  cf.  spectrum  of  substance  (I)  [3], 

Found  %  N  4.25;  Na  6.96.  CwH^OsNSNa.  Calculated  %  N  4.31;  Na  7,07. 

Acidification  of  a  solution  of  the  sodium  salt  with  strong  mineral  acid  precipitated  orange-red  needles  of 
the  free  sulfonic  acid,  which  did  not  contain  water  of  crystallization  and  dissolved  in  water  with  much  more  dif¬ 
ficulty  than  the  sodium  salt. 

Found  %:  C  55.61;  H  3.24;  S  10.23.  CMH9O5NS.  Calculated  %  C  55.44;  H  2.99;  S  10,57. 

When  boiled  with  dilute  nitric  acid  in  the  presence  of  sodium  nitrite,  the  substance  formed  a  nitrogen- 
containing  product.  The  prisms  (from  acetic  acid)  gradually  decomposed  above  200*;  a  mixture  with  2,4-dinitro- 
1-anthrol  [7]  melted  at  170-173*. 

SUMMARY 

1.  The  products  from  the  addition  of  sodium  bisulfite  to  1,4- anthraquinone  are  a  "bisulfite  compound," 
which  has  the  structure  of  l-oxo-4-hydroxy-l,2,3,4-tetrahydroanthracene-2,4-disulfonic  acid,  and  1,4- dihydroxy- 
anthracene -2- sulfonic  acid. 

2.  By  the  action  of  hydroxylamine  in  acetic  acid,  the  bisulfite  compound  of  1,4 -anthraquinone  is  converted 
into  l,4-anthraquinonc-2-sulfonic  acid  monooxime, 

3.  l,4-Dihydroxyanthracene-2-sulfonic  acid  is  converted  into  1.4- diacetoxyanthracene- 2- sulfonic  acid  in 
acetic  anhydride. and  into  1,4- anthraquinone- 2- sulfonic  acid  by  oxidation;  the  latter  exchanges  the  sulfonic  acid 
group  for  an  aromatic  amine  residue  in  aqueous  solutions. 

4.  The  initial  stage  in  the  reaction  of  1,4- anthraquinone  with  bisulfite  is  1.4-addition  to  the  conjugated 
system  C  =  C~C  =  O,  after  which  there  is  1.2- addition  of  bisulfite  at  the  carbonyl  group, 
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It  was  previously  shown  that  1,4-authraquinone  adds  sodiutn  bisulfite  to  form  l,4-dihydroxyanthracene-2- 
sulfonic  acid  and  a  bisulfite  compound  with  the  probable  structure  (I)  [1],  The  similarity  of  bisulfite  compounds 
of  the  naphthalene  and  anthracene  series  [2]  gave  grounds  for  expecting  analogous  conversions  of  1,4- naphtho¬ 
quinone  (II). 

O 


.SO;,Na 


I  I  I  i;;" 

no  SOgNa 
(!) 


Oxidation  of  the  bisulfite  compound  of  naphthoquinone  gave  a  76%  yield  of  l,4-naphthoquinone-2-sulfonic 
acid  [3J,  D.  A.  Bochvar,  A.  S.  Kuznetsov,  and  M.M.  Shemyakin,  who  treated  substance  (II)  with  potassiutn  bi¬ 
sulfite  in  alcohol  at  5°,  described  two  products,  which  were  called  a  "complex"  and  an  "adduct"  [4].  V.  N. 

Ufimtsev  isolated  one  compound  under  the  same  conditions  and  this  was  assigned  the  structure  of  1,4-dihydroxy- 
dihydronaphthalene  -1.4-disulfonic  acid  [5].  We  studied  the  reaction  of  1.4- naphthoquinone  with  sodium  bisulfite 
in  aqueous  solutions. 

When  1.4- naphthoquinone  (II)  was  stirred  in  38%  sodium  bisulfite  solution  without  heating,  about  10%  of 
substance  (II)  was  reduced  to  1,4  dihydroxynaphthalcne,  v.'hile  the  rest  was  converted  into  a  mixture  of  1,4-dihy- 
droxynaphthalene-2-sulfonic  acid  (UI)  (76-78%)  and  a  bisulfite  compound  C10H6O2  '  2NaHS03  (10-12%),  which 
was  separated  through  the  different  solubilities  of  the  substances  in  alcohol.  The  use  of  more  dilute  bisulfite  solu¬ 
tion  led  to  an  increase  in  the  yield  of  product  (III)  due  to  a  decrease  in  the  amount  of  bisulfite  compound  and 
1,4-diliydroxynaphthalene. 

1.4-Dihydroxynaphthalene-2-sulfonic  acid  was  readily  oxidized  by  chromic  anhydride  to  1, 4 -naphthoquinone - 
2-sulfonic  acid  and  it  gave  a  diacetyl  derivative  in  acetic  anhydride.  The  bisulfite  compound  was  not  oxidized  by 
chromic  acid,  did  not  change  when  heated  in  neutral  or  weakly  acid  media,  and  decomposed  rapidly  with  the  lib¬ 
eration  of  the  quinone  (II)  only  in  the  presence  of  alkali. 

The  infrared  spectrum  of  the  bisulfite  compound  of  1,4- naphthoquinone,  like  the  spectrum  of  product  (I)  [1], 
contained  an  intense  band  at  1675  cm'^,  characteristic  of  a  ketonic  carbonyl  group  [6].  The  bands  of  CO  group 
vibrations  were  also  present  in  the  spectra  of  bisulfite  compounds  of  nitrosonaphthols  and  nitrosoanthrols  (see  table), 
which  have  previously  been  shown  to  contain  a  carbonyl  group  by  chemical  methods  [2,  7]. 
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Compound 

Frequency  of  CO 
group  vibrations 
(in  cm'^) 

Bisulfite  compound  of  1,4- naphthoquinone 

1675  s 

Bisulfite  compound  of  1,4-anthraquinone 

-1675  s 

Bisulfite  compound  of  4- nitroso- 1-naphthol 

1695  s 

Bisulfite  compound  of  4- nitroso- 1-anthrol 

1663  av 

Bisulfite  compound  of  1- nitroso- 2- naphthol 

1717  s 

Bisulfite  compound  of  1 -nitroso- 2- anthrol 

1726  s 

Under  the  action  of  hydroxylamine  in  acetic  acid,  the  bisulfite  compound  of  1,4- naphthoquinone  was  con¬ 
verted  into  a  monooxime  which  was  identical  with  that  obtained  from  1,4-  naphthoquinone- 2-sulfonic  acid  and 
hydroxylamine  hydrochloride.  The  unstable  oxime  of  the  bisulfite  compound  was  evidently  formed  first  and  then 
converted  into  the  monooxime  of  1.4- naphthoquinone- 2- sulfonic  acid  (VI).  A  comparison  of  the  p-toluidine  salts 
of  the  latter  and  the  4- oxime  (VII),  which  was  prepared  by  nitrosation  of  1-naphthol- 2-sulfonic  acid  [8],  showed 
that  they  had  different  properties.  In  contrast  to  compound  (VII),  the  sodium  salt  of  product  (VI)  was  not  con¬ 
verted  into  2,4-dinitro-l-naphthol  by  the  action  of  dilute  nitric  acid.  Consequently,  the  bisulfite  compound 
formed  the  1-oxime  of  1,4- naphthoquinone -2- sulfonic  acid  (VI)  and  one  of  the  sulfonic  acid  groups  of  the  bisul¬ 
fite  compound  was  in  position  2  in  the  nucleus  with  respect  to  the  free  carbonyl  group.  The  structure  of  the  bi¬ 
sulfite  compound  corresponds  to  the  formula  of  l-oxo-4-hydroxy-l,2,3,4-tetrahydronaphthalene-2.4-disulfonic 
acid  (IV)  and  its  formation  may  be  explained  by  the  same  scheme  as  the  formation  of  the  bisulfite  compound  of 
1,4-anthraquinonc  [1]. 


^\/\ 
I  II 


II 

O 

(II) 


SOaNa 


NOH 

II  < 


II 

O 

(VI) 


/SOaNa 

Nil 

\ 

no  SO.,Na 

(IV) 


V,/ 

^A/SO,n 

UJ 


Non 

(VII) 


The  possibility  of  a  tautomeric  conversion  of  the  hydroquinone  (III)  into  compound  (V)  was  demonstrated 
by  the  synthesis  of  a  small  amount  of  compound  (IV)  when  the  hydroquinone  (ID)  was  heated  in  sodium  bisulfite 
solution. 


EXPERIMENTAL 

1,4-Dihydroxynaphthalene- 2- sulfonic  acid  (III)  and  the  bisulfite  compound  of  1,4-naphthoquinone  (IV). 

1)  Over  a  period  of  20  min,  7.9  g  of  finely  ground  1,4- naphthoquinone  (m.p.  125”)  was  added  to  30  g  of  a  3870 
solution  of  sodium  bisulfite  with  stirring.  During  the  addition  of  the  naphthoquinone,  the  color  of  the  suspension 
changed  from  light  yellow  to  dirty  green  and  then  to  dark  brown;  the  temperature  rose  from  18  to  35*.  After  the 
addition  of  the  quinone.  stirring  was  continued  for  about  2  fir,  during  which  time  the  mixture  again  acquired  a 
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lipht-yellow  color,  while  only  a  small  amount  of  colorless  prisms  remained  as  a  precipitate.  With  further  stirring, 
the  solution  bcpan  to  deposit  platelets  and  th.e  mass  quickly  thickened.  On  the  following  day  the  precipitate  was 
collected,  pressed  out  well,  dried,  and  washed  with  etlier  (100  ml).  After  evaporation  of  the  ether,  the  grayish 
residue  of  1 .4-dihydroxynaphthalcne  (0.7G.»  g.  0.5*’/'’)  was  boiled  v;ith  1  g  of  crystalline  sodium  acetate  in  b  ml  of 
acetic  anhydride  for  identification.  The  diacetyl  derivative  formed  colorless  platelets  (from  alcohol)  with  m.p. 

130*;  a  mixture  with  1.4-diacetoxynaphthalcne.  which  was  obtained  by  reduction  of  the  quinone  (II)  with  zinc 
dust  in  acetic  aithydride,  had  m.p.  130*.  which  corresponds  to  literature  data  [9]. 

The  colorless  residue  after  washing  with  ether  was  dissolved  in  150  ml  of  boiling  anhydrous  alcohol  and  the 
cooled  solution  filtered  to  remove  slight  traces  of  mineral  salts  and  substance  (I\')  (precipitate  "a").  Evaporation 
of  the  alcohol  filtrate  in  a  stream  of  nitrogen  yielded  8.9  g  of  the  pure  sodium  salt  of  the  hydroquinone  (III). 

The  solution  after  separation  of  the  conversion  products  of  the  quinone  (II)  was  evaporated  to  dryness  in  a 
stream  of  air  at  room  temperature  and  the  ground  residue  boiled  in  50  ml  of  anhydrous  alcohol.  The  cooled  solu¬ 
tion  was  filtered  and  then  the  insoluble  residue  rc-treated with 30  ml  of  alcohol  and  separated  (precipitate  "b"). 
Evaporation  of  the  alcohol  filtrate  in  a  stream  of  nitrogen  yielded  a  further  1.3  g  of  the  sodium  salt  of  the  hydro¬ 
quinone  (III).  The  total  yield  of  compound  (III)  was  10.2  g  (787'’). 

Sodium  1.4-dihydroxynaphthalene-2-sulfcnate  (III)  formed  colorless  platelets,  which  were  very  readily  solu¬ 
ble  in  water,  readily  soluble  in  alcohol,  and  insoluble  in  ether  and  benzene.  The  substance  gave  a  brown  color 
witli  ferric  chloride  and  a  red  color  with  diazobenzene  solution,  did  not  decolorize  fuchsin  solution,  and  did  not 
form  a  precipit.tte  with  barium  chloride  and  silver  nitrate  solutions.  Alkaline  sohitions  of  the  sttbstance  showed 
a  reddish-brown  color,  which  rapidly  changed  to  cinerakl  green.  By  oxidation  v.'ith  chromic  acid,  the  substance 
was  converted  into  1,4-naphthoquinone- 2-sulfonic  acid,  acylation  converted  it  to  l,4-diacetoxynaphthalene-2- 
sulfonic  acid,  and  the  action  of  hydroxylaminc  gave  1 .4-napthoquinone -2-sulfonic  acid  1-oxime. 

Found  7c  C  45.63;  H  2.95;  Na  8.76.  CjoHTOsSNa.  Calculated  %  C  45.81;  II  2.65;  Na  8.77. 

The  combined  precipitates  "a"  and  "b"  were  dissolved  in  50  ml  of  water  and  207<’ barium  acetate  solution 
added  until  a  slight  excess  of  barium  ions  appeared  and  these  then  removed  by  the  addition  of  a  drop  of  57i’sul- 
furic  acid.  The  barium  salts  were  collected  and  washed, and  the  solution  evaporated  in  a  stream  of  air  at  room 
temperature.  The  residue  was  treated  with  100  ml  of  boiling  alcohol,  collected  by  filtration,  washed  with  hot 
alcohol,  and  dried.  We  obtained  slightly  pink  needles  of  the  bisulfite  compound  of  1.4-naphtho(iuinone  (IV);  the 
yield  was  2.07  g  (11.37(’)-  For  purification,  the  substance  was  reprecipitated  from  aqueous  solution  with  alcohol. 

The  bisulfite  compound  (IV)  could  be  prepared  in  low  yield  from  l,4-dihydroxynaphthalcne-2-sulfonic  acid 
(III).  A  solution  of  3.95  g  of  ih.c  sodium  salt  of  the  hydroquinone  (Ill)  in  10  ml  of  water  and  5  g  of  387^ sodium  bi¬ 
sulfite  solution  was  heated  for  16  hr  at  85-90*  and  then  evaporated  to  dryness.  The  residue  was  dried  and  treated 
as  described  above.  We  isolated  3.6  g  (91.57’)  of  the  starting  material  and  0..306  g  (5.57)  of  compound  (IV). 

The  bisulfite  compound  of  l,4-naplithoqu)nonc  (I\')  did  not  contain  water  of  crystallization  (drying  at  120*), 
was  insoluble  in  alcoiiol,  was  not  oxidized  by  chromic  acid,  did  not  give  colors  v/ith  ferric  chloride  and  diazo- 
benzene  solutions,  and  did  not  form  precipitates  with  barium  chloride  and  silver  nitrate  solutions.  When  made 
alkaline.  solutioiLs  of  the  substance  turned  reddish  brown  and  after  a  few  minutes  the  solution  lightened  and  a 
voluminous  precipitate  of  the  quinone  (II)  formed.  By  the  action  of  hydroxylaminc  in  acetic  acid,  substance  (IV) 
was  converted  into  the  sodium  salt  of  the  oxime  (VI).  Boiling  a  solution  of  the  bisulfite  compound  (IV)  in  207o 
sulfuric  acid  led  to  darkly  colored,  tarry  decomposition  products.  When  0.5  g  of  substance  (IV)  was  boiled  in 
2  ml  of  0.5  N  sulfuric  acid  for  1  hr,  the  solution  turned  only  slightly  yellow  and  the  addition  of  10  ml  of  alcohol 
liberated  0.34  g  of  the  starting  material. 

Found  7x  C  32.95;  H  1.80;  S  17.55.  CioHgOgSzNaj.  Calculated  7i  C  32.79;  H  2.20;  S  17.51. 

2)  A  3.16  g  sample  of  substance  (II)  was  added  with  stirring  to  35  g  (32  ml)  of  a  137’ solution  of  sodium  bi¬ 
sulfite.  Almost  the  whole  of  the  precipitate  dissolved  in  30- -lO  min.  The  small  amount  of  1.4-dihydroxynaphtha- 
lene  (0.17  g.  5.37'’)  was  collected  by  filtration  and  washed  with  water, the  filtrate  evaporated  to  dryness,  and  the 
residue  treated  as  described  above.  We  isolated  4.5  g  (867'’)  of  the  sodium  salt  of the  hydroquinone  (III)  and  0.615  g 
(8.37o)  of  the  bisulfite  compound  (IV). 
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1.4-  Diacetox)Tiaphthalene- 2- sulfonic  acid.  A  mixture  of  2.62  g  of  the  sodium  salt  of  compound  (III),  5  g 

of  crystalline  sodium  acetate,  and  40  ml  of  acetic  anliydride  was  heated  to  boiling.  A  clear  solution  was  formed  ’ 
and  this  immediately  began  to  deposit  a  voluminous  precipitate.  After  the  mixture  had  been  heated  for  15  min 
and  cooled,  the  precipitate  was  collected,  washed,  and  recrystallized  from  85'^^  alcohol;  the  yield  was  2.2  g.  The 
long,  colorless  silky  needles  were  readily  soluble  in  water  and  very  sparingly  soluble  in  alcohol.  The  compound 
did  not  contain  water  of  crystallization  (drying  at  130*)  and  did  not  give  colors  with  ferric  chloride  and  diazo¬ 
benzene  solutions. 

Found  %  C  48.85;  H  3.34;  Na  6.54.  C^HiiOrSNa.  Calculated  %  C  48.59;  H  3.20;  Na  6.65. 

1.4- Naphthoquinone- 2- sulfonic  acid,  a)  To  a  solution  of  2.62  g  of  the  sodium  salt  of  compound  (HI)  in 
10  ml  of  water  was  added  4  ml  of  a  2  M  solution  of  chromic  anhydride  in  2070  sulfuric  acid.  The  solution  im¬ 
mediately  acquired  a  dark-red  color  and  began  to  deposit  light-yellow  platelets  after  a  few  minutes.  The  crystals 
were  collected  and  washed  with  a  small  amount  of  water,  alcohol,  and  ether.  The  yield  of  the  sodium  salt  of 

l,4-naphthoquinonc-2-sulfonic  acid  was  2.32  g  (83'/^).  The  addition  of  an  aqueous  solution  of  aniline  to  a  solu¬ 
tion  of  the  substance  produced  a  red  color  and  then  a  precipitate  of  2- phenylamino- 1,4- naphthoquinone  began 

to  form;  the  fine  Bordeaux-red  needles  (from  alcohol)  had  m.p.  192*  (according  to  literature  data,  m.p,  193*  [10]), 

b)  To  40  g  of  a  STi  solution  of  sodium  bisulfite  was  added  3.16  g  of  quinone  (II)  with  stirring.  An  almost 
clear  brownish-yellow  solution  was  formed  after  20-30  min  and  this  was  filtered  and  cooled  to  0*,  and  10  ml  of  a 
3  M  solution  of  chromic  anhydride  in  207<?  sulfuric  acid  added.  The  solution  temperature  rose  to  30*  and  a  dark 
fed  color  appeared.  The  addition  of  30  ml  of  saturated  sodium  chloride  solution  precipitated  3.34  g  (607o)  of 
sodium  1.4- naphthoquinone -2- sulfonate.  Under  analogous  conditions,  but  with  preliminary  boiling  of  the  acidified 
bisulfite  solution,  as  is  recommended  in  the  literature  [3],  4  ml  of  chromic  anhydride  solution  was  required  and  the 
yield  of  the  sodium  salt  was  4.12  g  (747o). 

Found  7-1  Na  8.15;  H2O  6.24  (dried  at  120*).  CioHsOgSNa  *  HoO.  Calculated  7<t  Na  8.27;  HjO  6.47. 

1.4- Naphthoquinone  2-sulfonic  acid  1-oxime  (VI).  a)  To  a  suspension  of  8  g  of  sodium  1,4- naphtho¬ 
quinone -2-sulfonate  in  70  ml  of  water  at  50*  was  added  2.5  g  of  hydroxylamine  hydrochloride.  When  the  suspen¬ 
sion  began  to  dissolve  rapidly.  80  ml  of  saturated  sodium  chloride  solution  was  added  to  the  solution.  On  cooling, 
the  precipitate  (G.76  g)  was  collected,  washed  with  alcohol,  and  recrystallized  from  water  with  activated  charcoal 
added.  The  yield  of  sodium  1.4-naphthoquinonc-2-sulfonate  l-oxuiie,  dried  in  air.  was  5  g.  The  fine,  light- 
yellow  needles  were  soluble  in  water  and  sparingly  soluble  in  alcohol .  On  reduction,  the  compound  was  converted 
into  an  aminonaphtholsulfonic  acid  and  by  treatment  with  dilute  nitric  acid,  into  a  nitrogen- containing  product, 
which  formed  light-yellow  prisms  (from  alcohol)  that  gradually  decomposed  above  240*;  a  mLxture  with  2,4-dinitro- 
1-naphthol  melted  at  113*  (2,4-dinitro-l-naphthol  had  m.p,  140"  [11]). 

b)  A  solution  of  3.66  g  of  compound  (IV),  1.65  g  of  hydroxylamine  hydrocliloride,  and  5  g  of  crystalline 
sodium  acetate  in  10  ml  of  water  was  heated  at  50-60“  for  4  hr.  Even  after  10-15  min  heating,  yellow  needles 
began  to  separate.  On  cooling,  the  precipitate  was  collected  and  washed  with  alcohol  and  ether.  The  yield  of 
sodium  l,4-naphthoquinone-2-suironate  1-oxime  was  2.4  g  (about  767?). 

c)  A  solution  of  1  g  of  the  sodium  salt  of  the  hydroquinone  (EH),  1  g  of  crystalline  sodium  acetate,  and  0.5  g 
of  hydroxylamine  hydrochloride  was  heated  on  a  boiling  water  bath  for  1  hr.  The  yellow  precipitate  which  formed 
on  cooling  was  collected  and  recrystallized  from  water.  We  obtained  0.605  g  of  sodium  1,4- naphthoquinone- 2- 
sulfonatc  1- oxime. 

Found  7<t  C  38.55;  H  3.54;  N  4.67;  H2O  11.51  (dried  at  120*).  CioHAN.SNa.  Calculatcd7o:  C38..59;  113.24; 

N  4.50;  H2O  11.58 

p-Toluidine  salt.  To  a  solution  of  0.4  g  of  the  sodium  salt  of  (VI)  in  20  ml  of  water  at  80"  was  added  4  ml 
of  a  107t> aqueous  solution  of  p-toluidinc  hydrochloride.  The  fine,  bright-red  prisms  up  to  10  mm  long  (0.54  g) 
which  precipitated  on  cooling,  were  collected  and  washed  witlt  water;  the  m.p.  was  197*  (decomp.).  Identical 
samples  were  obtained  from  the  sodium  salts  prepared  by  methods  a)  and  b);  a  mixture  melted  at  197*  (decomp.). 
The  substance  was  iitsoluble  in  ether  and  ligroin  and  sparingly  soluble  in  hot  water  to  form  light-yellow  solutions, 
which  redeposited  red  prisms  on  cooling. 

Found  7<i  C  56.68;  H  4.61;  N  7.68;  S  8.87.  C17H16O5N2S.  Calculated  7a  C  56.63;  H  4.77;  N  7.77;  S  8.89. 
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1  4-Naplithoqnironc-2-<:ulfonic  acid  4-oximc  (VII),  To  a  suspension  of  5  g  of  potassium  l-naphthol-2- 
sulfonaic  in  25  ml  of  v/ater  was  added  5  ml  of  a  solution  of  sodium  nitrite  and  then  5-6  ml  of  12‘7ohydro- 
diloric  arid  was  added  <it  25- oO'  over  a  period  of  in  min.  At  the  end  of  the  addition  of  acid,  an  orange-red 
solution  v.'ai  formed  and  this  began  to  deposit  golden-yellow  platelets  of  the  o.xime  (VII)  after  a  few  minutes. 

The  precipitate  was  collected  and  recrystallized from  water;  the  yield  vras  4.3  g. 

Reduction  of  the  substance  v/ith  stan.nous  chloride  foimed  colorless  needles  of  an  aminonaphtholsulfonic  acid 
and  rrcaimcnt  of  the  substance  with  dilute  nitric  acid  gave  yellow  needles  of  2,4-dinitro-l-naphthol  with  m.p.  138*; 
a  mixture  wiili  2.4-diniiro-l-naphthol  melted  at  138’. 

The  p-toluidine  salt  was  obtained  as  described  for  substance  (VI).  The  fine,  almost  colorless,  slightly  yellow 
[•risms  were  sparingly  soluble  in  hot  water  and  soluble  in  alcohol.  The  substance  decomposed  without  melting 
v;hcn  heated  above  240°. 

Found  N  7.80;  S  8.75.  Ci7Hi605N2S.  Calculated  l-i  N  7.77;  S  8.89. 

4-Amino-  l-nap]nhol-3-siilfonic  acid.  To  a  solution  of  3.11  g  of  sodium  1, 4- nanhihoqumonc* 2- sulfonate 
1-oxime  in  40  ml  of  water  at  90“  was  added  a  solution  of  10  g  of  stannous  chloride  in  12  ml  of  207o hydrochloric 
acid.  There  v;as  itistamaneous  dccolorization  of  the  solution  and  formation  of  a  crystalline  precipitate,  which 
was  collected  and  washed  with  water  until  neutral.  The  yield  of  the  amino  compound  was  2.39  g  (quantitative). 

The  colorless  needles  were  sparingly  soluble  in  hot  water  and  insoluble  in  alcohol,  Diazotization  in  hydrochloric 
acid  yielded  a  diazo  compound,  which  gave  a  red  color  with  an  alkaline  solution  of  resorcinol  and  an  orange  color 
with  0  -naphthol  solution. 

Found  70:  N  5.86.  CjoH^O^NS.  Calculated  7<^  N  5.85. 

The  infrared  spectra  were  measured  on  an  IKS- 14  spectrometer  with  an  NaCl  prism  with  the  samples  in  a 
solid  state  in  hcxaciilnropropylcne.  The  bisulfite  compounds  of  niirosonaphthols  and  nitrosoantlirols  were  prepared 
by  the  iiiethod  described  previously  [2,  7]  and  were  used  as  crystal  hydrates. 

SUMMARY 

1.  The  addition  of  sodium  bisulfite  to  1,4- naphthoquinone  in  an  aqueous  medium  formed  1,4-dihydroxy- 
naphthalcne-2-sulfoiiic  acid  (main  product)  and  a  bisulfite  compound  with  the  composition  C10U6O2  •  2NaHS03. 

2.  1.4-Dihydroxymaphtltalenc-2-sulfOiiic  acid  was  converted  into  1,4- naphthoquinone- 2-sulfonic  acid  by 
oxidation  and  into  1,4- diacetoxynaphthalcne- 2- sulfonic  acid  by  acylation. 

3.  The  bisulfite  compound  of  1,4- naphthoquinone  contamed  a  free  carbonyl  group,  was  converted  into 
1,4-naphthoquinone- 2-siilfonic  acid  1-oxime  by  the  action  cf  hydroxylamine,  and  had  the  structure  of  l-oxo-4- 
hydro.xy-l,2,3,4-teirahydronapIuhalcnc-2.4-disulfonic  acid. 

4.  The  reaction  of  1,4- naphthoquinone  and  1,4-antltraquLnonc  with  sodium  bisulfite  proceeds  analogously. 
The  initial  stage  in  ilie  reaction  is  the  1.4- addition  of  bisulfite  to  the  conjugated  system  C  =  C“C  =  Oof  the 
quinonc  and  ilien  tlicre  is  1,2- addition  of  bisulfite  to  the  carbonyl  group. 
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The  investigations  of  B.  A.  Arbuzov  and  N.  I.  Rizpolozhcnskii  showed  that  hill  esters  of  phosphorous  acid  and 
sodium  salts  of  dialkylphosphorous  acids  react  with  dicthylcarbamyl  chloride  to  form  dialkyl  esters  of  diethylamido- 
phosphono formic  acid  [1].  These  compounds  have  been  obtained  by  other  methods  [2]  besides  the  Arbuzov  rear¬ 
rangement. 

It  seemed  interesting  to  study  the  reaction  of  trialkyl  phosphites  and  sodium  salts  of  diethylphosphorous  acids 
with  dlmethylthiocarbamyl  chloride  to  prepare  new  compounds,  which  could  include  substances  with  insecticidal 
oroperties. 

Seven  compounds  were  prepared  by  the  reaction  of  trialkyl  phosphites  with  dime  thy  Ithiocarbamyl  chloride. 

nO\  HO\  /Cl  RO. 

RO^I’+  Cl— C  -N(C11;,)2 

RQ/  II  R()/  ^C-N(Cll3)2  RQ/  \C-N(Cll3)., 

S  II  ^  ‘ 

s 

All  the  dialkyl  dimethylthiocarbamylphosphinates  obtained  were  yellow  oily  liquids.  The  lower  represen¬ 
tatives  (the  ethyl  and  propyl  esters)  distilled  in  high  vacuum  with  partial  decomposition,  while  the  higher  repres¬ 
entatives  could  only  be  distilled  by  molecular  distillation.  As  a  result  of  this  the  yields  of  the  pure  products  were 
comparatively  low,  though  the  crude  products  were  obtained  in  good  and  sometimes  almost  quantitative  yields. 

The  substances  obtained  were  readily  soluble  in  alcohols,  ether,  benzene,  and  other  organic  solvents.  The 
lower  representatives  dissolved  satisfactorily  in  water,  but  the  solubility  fell  sharply  with  an  increase  in  the  mole¬ 
cular  weight  of  the  radicals. 

We  also  attempted  to  prepare  the  same  substances  from  the  alkali  metal  salts  of  dialkylphosphorous  acids  and 
dimethylthiocarbarnyl  chloride.  It  was  assumed  that  the  reaction  would  proceed  analogously  to  the  reaction  be¬ 
tween  sodium  dialkylphosphites  and  diethylcarbamyl  chloride  [1]  according  to  the  equation: 


(Coll50)2l’0Na  4-Cl-C-N(Cll3)2  — >  (C2H50)ol 


V,-N(CH3)2 


However,  experiments  showed  that  this  reaction  proceeds  with  great  difficulty.  A  mixture  of  substances 
was  formed  and  it  has  not  yet  been  possible  to  isolate  ethyl  dimcthylthiocarbamylphosphinatc  from  it  in  a  pure 
state. 


A  somewhat  different  picture  was  observed  when  the  dialkylphosphites  were  replaced  by  tiiphcnyl  phosphite: 
Chlorobenzene,  which  should  have  been  obtained  according  to  the  above  equation,  could  not  be  distilled  from  the 
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mixture  even  at  200®.  In  all  probability,  a  thermally 
stable  intermediate  complex  (A),  similar  to  that  de¬ 
scribed  previously  by  Arbuzov  [3],  was  formed  in  this 

/Cl 

(CoIIiOhl’ 

\ 

c-n(CH3)2. 

s 

(A) 

case.  We  attempted  to  decompose  this  complex  by 
Arbuzov’s  method  [3]  with  anhydrous  alcohol.  In  the 
reaction  products  we  detected  phenol,  ethyl  chloride, 
and  an  organophosphorus  compound,  which  is  being 
studied. 

EXPERIMENTAL 

The  trialkyl  phosphites  were  synthesized  by  a 
method  described  previously  [4]  with  the  difference 
that  the  filtered  ether  solution  was  left  to  stand  with 
anhycrous  sodium  sulfate  overnight.  There  was  then 
further  precipitation  of  dimethylaniline  hydrochloride, 
which  was  removed  by  filtration  together  with  the 
sodium  sulfate  before  distillation. 

The  dimethylthiocarbamyl  chloride  was  obtained 
by  the  method  in  [5]  and  had  m.p.  42-43.5*. 

All  the  syntheses  were  carried  out  largely  ac¬ 
cording  to  the  following  procedure:  Into  a  reaction 
flask  with  a  thermometer  and  a  water  condenser  for 
distillation  was  placed  0.1- 0.2  mole  of  trialkyl  phosphite 
and  an  equimolecular  amount  of  dimethylthiocarbamyl 
chloride  added.  The  condenser  was  connected  to  a  trap 
cooled  with  a  mixture  of  ice  and  salt.  The  flask  with 
the  mixture  of  substances  was  placed  on  a  glycerol  bath. 
The  temperature  of  the  bath  was  gradually  raised  to  125- 
130*  over  a  period  of  30-40  min.  In  most  cases  the  reac¬ 
tion  began  at  a  reaction  mixture  temperature  of  120-122® 
and  was  indicated  by  the  evolution  of  "gas"  (alkyl  halide) 
bubbles.  At  the  beginning  of  the  reaction,  tlie  tempera¬ 
ture  of  the  reaction  mixtrjrc  rapidly  rose  spontaneously 
to  132-148®  even  though  the  bath  was  removed  at  this 
moment.  The  reaction  mixture  was  kept  at  120-130® 
on  the  bath  for  1.5-2  hr  and  then  at  140®  to  complete 
the  reaction.  Distillation  of  the  alkyl  halide  then  ceased. 
The  distilled  alkyl  halide  was  weighed  and  its  boiling 
point  and  refractive  index  determined.  The  condensation 
products  obtained  were  yellow  oils  and  were  fractionated 
in  high  vacuum  or  by  molecular  distillation.  The  prop¬ 
erties  of  the  substances  obtained  are  given  in  the  table. 

SUMMARY 

Dialkyl  esters  of  dimethylthiocarbamylphosphinic 
acid  with  the  following  general  formula  were  obtained 
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for  the  first  time  by  the  reaction  of  trialkyl  phosphites  with  dimethylthiocarbamyl  chloride; 


(RO)2l>^ 

\C-N(CHa)2 


I 
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A  number  of  paperr  [1-4]  have  been  devoted  to  the  reaction  of  dialkylphosphorous  acids  with  alkyl  and  aryl 
isothiocyanates.  It  has  been  shown  [1] thatdialkylphosphorous,dialkylthiophosphorous,  anddialkyltliiophosphoric 
acids  react  readily  with  phenyl  isocyanate,  adding  the  latter,  in  the  presence  of  sodium  alcoholate.  There  has 
also  been  a  study  of  the  addition  of  isocyanates  to  dialkylphosphorous  acids  in  the  presence  of  metallic  sodium, 
triciliylaminc,  cyclohexyldicthylaminc.  and  sodium  carbonate  and  cyanate  [4].  An  attempt  of  A.  N.  Pudovik  [3] 
to  carry  out  the  reaction  of  dialkylphosphorous  acids  with  isothiocyanates  in  tlie  presence  of  sodium  alcoholate 
only  established  that  there  was  a  reaction  between  these  compounds  and  it  was  not  possible  tc  isolate  the  reaction 
products. 

Having  studied  compounds  of  the  type  (HO)2l^  ■  [5],  we  decited  to  synthesize  their  analogs 

>C— NRj 

by  the  addition  of  phenyl  isothiocyanate  to  dialkylphosphorous  acids.  It  was  established  that  the  reaction  hardly 
occurs  without  catalysts.  A  small  amount  of  triethylamine  accelerated  the  reaction;  even  at  room  temperature 
there  was  a  slow  change  in  the  color  of  the  reaction  mixture  (from  slightly  yellowish  to  yellow-orange).  When 
the  mixture  stood  for  a  long  period  (up  to  50  days),  the  color  changed  to  orange  and  the  mixture  simultaneously 
became  thick.  Heating  the  mixture  of  reagents  on  a  boiling  water  bath  (or  better  in  a  sealed  ampoule)  consider-' 
ably  accelerated  the  reaction. 

In  the  general  form,  the  reaction  of  phenyl  isothiocyaiiate  with  dialkylphosphorous  acidsmay  be  represented 
by  the  following  equation: 

(no)2P<:'  -f  s--=r.=N-r,e,n-  —  (RO)2p<f 

^H  \C-N-Cf,Hs 

II  I 

S  II 

The  mechanism  of  this  reaction  is  apparently  analogous  to  the  mechanism  of  the  reaction  of  sodium  dialkyl- 
phosphites  with  ketones  [6]. 

The  compounds  obtained  probably  exist  in  two  tautomeric  forms:  the  thiol  (a)  and  thione  (b)  forms. 


(nO)2l 

(a) 


\ 


r.=  N-C,;H.-. 
I 

S-H 


y^ 

C  -N  -Cfillr 

(b)  II  I 

S  H 
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The  equilibrium  is  strongly  displaced  toward  the  thione  form  as  preliminary  experiments  showed  that  the 
substances  do  not  give  reactions  for  a  thiol  group.  Hov;cver,  as  M.  I.  Kabiclmik  pouited  out  [7J,  these  facts  still 
do  not  mean  that  tautomerism  does  not  occur.  We  are  continuing  the  study  of  this  problem. 

The  action  of  sodium  ethylate  on  diethyl  phcnylthiocarbamylphosphinate  in  benzene  yielded  the  sodium 
derivative. 


{C^U.OhV^ 


O  II 

/  -l-Coll-.OXa 
C-N-Colls 


()  Nh 

\r.-N-c„ii.vfC^H50ii. 


which,  as  was  to  be  expected,  v/as  readily  hydrolyzed,  even  by  moist  air.  This  may  be  explained  by  the  fact  that 
the  starting  ester  reacts  in  the  thione  form,  which  is  a  very  weak  acid. 

Compounds  of  the  type  (b)  were  quite  resistant  toward  hydrochloric  acid  in  the  cold,  but  were  readily  hy¬ 
drolyzed  on  heating.  The  hydrolysis  products  were  found  to  contain  aniline  and  carbonyl  sulfide.  The  state  of 
the  phosphorus  part  has  not  yet  been  studied. 

All  the  substances  synthesized  dissolved  readily  in  alcohols,  ether,  acetone,  benzene,  and  chloroform  and 
less  readily  (especially  the  lower  homologs)  in  n-hexane  and  n-heptane.  They  were  insoluble  in  water. 

EXPERIMENTAL 

For  the  synthesis  of  dialkyl  pheiiylthiocarbaniylphosphinates,  we  used  freshly  distilled  dialkylphosphorous 
acids  and  phenyl  isothiocyanatc  in  equimolecular  proportions.  The  catalyst  was  dry  tricthylaminc  (from  0.005 
to  0.01.5  mole). 

The  synthesis  of  diethyl  phcriylthiocarbamylphosphiinte  (1)  is  given  below.  Into  a  flask  were  placed  20.71  g 
(0.15  mole) of  dictliylphospliorousacid,  20.28  g  (0.15  mole)  of  phenyl  isorhiccyanate,  and  1.51  g  (0.015  mole)  of 
triethylamine.  The  mixture  imnujdiatcly  acquired  a  yellow  color,  which  gradually  deepened,  and  the  temperature 
of  the  reaction  mixture  rose  from  23  to  2G".  The  mixture  was  transferred  to  an  ampoule  and  heated  on  a  boiling 
water  bath  for  30  min.  Molecular  distillation  yielded  a  thick  orange  oil,  which  began  to  crystallize  when  rubbed 
with  a  glass  rod  or  kept  for  a  long  time  (more  than  two  months),  but  it  was  not  possible  to  crystallize  the  oil  com¬ 
pletely.  The  crystals  had  m.p.  57.3- .58°  and  were  identical  with  the  oily  residue  according  to  analysis. 

Compounds  (IV)-(Vn)  were  prepared  analogously.  Compounds  (II)  and  (III)  were  synthesized  by  heating 
the  reaction  mixture  in  a  flask  with  a  reflux  condenser  on  a  water  bath  at  50°. 

The  properties  of  the  substances  obtained  are  given  in  the  table. 

Preparation  of  sodium  derivative  of  compound  (I).  To  136  g  of  diethyl  phenylthiocarbamylphosphinate  in 
5  ml  of  anhydrous  benzene  was  added  5  ml  of  an  alcohol  solution  of  sodium  ethylate  (from  5  ml  of  anhydrous 
alcohol  and  0.115  g  of  metallic  sodium).  When  the  solution  was  kept  for  1  lu,  a  white  crystalline  precipitate 
formed  and  this  was  collected  and  washed  \ath  ether.  It  slowly  decomposed  in  contact  with  air. 

Acid  hydrolysis  of  compound  (I).  A  mixture  of  0.5  g  of  compound  (I)  and  5  ml  of  concentrated  hydrochloric 
acid  was  heated  in  an  ampoule  for  2  hr  on  a  boiling  vtater  bath.  The  solution  in  the  ampoule  had  a  lilac  color 
and  a  small  layer  of  a  clear  oil  formed  on  the  surface  of  the  liquid,  but  this  was  not  studied.  When  the  ampoule 
was  opened,  there  was  a  high  gas  pressure  and  a  strong  odor  of  carbonyl  sulfide.  The  aqueous  layer  was  made 
alkaline  and  steam  distilled  to  yield  aniline,  which  was  identified  by  qualitative  reactions. 

SUMMARY 

Seven  esters  of  phcnylthioc.arbamylphosphinic  acid  which  have  rot  been  described  in  the  literature  were 
synthesized  by  the  reaction  of  dialkylphosphorous  acids  with  phenyl  isothiocyanatc  in  the  presence  of  triethylamine 
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OF  QUINUC  LIDY  L- 3- ACETIC  ACID 
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We  previously  prepared  quinuclidyl-3-acctic  acid  in  low  yield,  starting  from  4-(B -hydroxyethyll-quinu- 
clidinc  flJ- 

Li  the  present  work  we  present  tv;o  new  methods  of  syntitesizing  quinuclidyl- 3- acetic  acid  in  which  the 
starting  material  is  the  readily  accessible  3-quinuclidone  [2,  3]. 

Li  the  first  method,  the  acid  was  obtained  in  the  following  way: 


3-Hydroxyquinuclidine  (II),  which  was  formed  by  reduction  of  3-quinuclidone  (I),  was  converted  into  3- 
quinuclidyl  benzenesulfonate  (111)  by  reaction  with  benzenesulfonyl  chloride.  The  reaction  of  the  sulfonic  ester 
(HI)  with  sodiomalonic  ester  led  to  3-dicarbethoxymethylquinuclidine  (IV).  Simultaneously  with  the  diester  (IV), 
a  considerable  amount  (about  IS*/'’)  of  dehydroquinuclidinc  (V)  was  fonned.  It  was  impossible  to  isolate  the  diester 
{TV)  in  a  pure  state  as  it  decomposed  with  partial  conversion  to  dehydroquinuclidinc  during  vacuum  distillation. 
Due  to  this,  the  whole  mass  of  substances  obtained  was  heated  with  concentrated  hydrochloric  acid.  From  the  hy¬ 
drolysis  products  we  isolated  quinuclidyl- 3- acetic  acid  (VI)  in  13.4^70  yield,  calculated  on  3-quinuclidonc. 

The  Second  method  of  preparing  quinuclidyl- 3- acetic  acid  may  be  represented  by  the  following  scheme: 

ujnr:„cHpoc.«,-^0c°w,i!2c  i  (v,) 

(vu)  (vni)  (K) 

The  reaction  of  3- qui  rue  lid  one  with  preliminarily  prepared  carbethoxymethylzinc  bromide  yielded  ethyl 
3-hydroxyquiiiUclidyl- 3- acetate  (VII).  Replacement  of  ethyl  bromoacctate  by  the  methyl  ester  in  this  reaction 
led  to  a  sharp  fall  in  the  yield  of  the  hydroxy  ester  (17^70  instead  of  607oin  the  case  of  the  ethyl  ester).  Heating 
the  hydroxy  ester  (V'll)  with  thionyl  chloride  resulted  in  elimination  of  water  to  give  3-carbethoxymethylcne 
quinuclidinc  (Vni),  which  was  converted  into  3-carboxymethylcncquinuclidine  (DC)  by  heating  with  hydrochloric 
acid.  The  position  of  the  double  bond  in  the  ester  (VHI)  and  the  acid  (IX)  was  demonstrated  by  oxidation  of  the 
acid  (IX)  to  3-quinuclidone  by  potassium  permanganate  in  an  acid  medium. 
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QuinuclidyI-3-acctic  acid  (VI)  was  readily  formed  by  catahtic  reduction  of  (IX)  in  the  presence  of platinum 
(Adams  catalyst).  The  ester  (VIII)  absorbed  hydrogen  extremely  slowly  under  these  conditions  and  twice  the  amount 
of  catalyst  was  required  for  complete  hydrogenation.  The  yield  of  quinuclidyl- 3- acetic  acid  by  this  scheme  was 
approximately  40%  on  3*quinuclidone. 

The  quinuclidyl- 3- acetic  acid  was  used  to  prepare  a  series  of  its  derivatives  and  conversion  products.  By 
treatment  with  thionyl  chloride,  the  quinuclidyl- 3- acetic  acid  was  converted  into  the  acid  chloride  (X),  from 
which  tile  methyl,  ethyl,  and  diethylaminocthyl  esters  (XI)  and  dietliyl-  and  benzylamides  of  quinuclidyl- 3- 
acetic  acid  (XII)  were  prepared.  Reduction  of  the  amides  (XU)  with  lithium  aluminum  hydride  formed  the  amines 

(xm). 


(VI) 


soa. 


CHjCOCl  ROH 
\  -HCl 


CHjCOOR 
(Xia)  R'CHj , 

(XIc) 


CHjCOR'  LiAlHi 

05Ia)  R’-n(c,H5),, 

(XI)  (Xlb)R'=NHCHjCjH5, 


(XI!:a)R'=N(C2Hj)2, 
(MH)  C/CIlb) 


By  reduction  of  ethyl  quinuclidyl-3-acetate  (XI  b)  with  lithium  aluminum  hydride,  we  synthesized 
3-(6 -hydroxyethyl)-quinuclidine  (XIV),  from  which  the  acetate  and  benzoate  (XV)  were  obtained.  The  alcohol 
(XIV)  was  converted  into  3-(6  -chloroethyl)-quinuclidine  (XVI)  with  thionyl  chloride.  Compounds  (XIV)  and  (XVI) 
have  been  synthesized  previously  by  another  scheme  [4]. 


(XI  b) 


LiAlHu 


0 


-CHjCHjDH 


seen 


0- 


^  (XIV) 


CH.riijOcor, 
(^'■ai  R  =  rH,. 

R  ”  CjH j 


CHaCHjCl  CH.inoCjH,), 


-HCl 

(XVI) 


CjHjONa 


(XV) 

CH2CH(C00C2H5)2 


N 

(XVII) 


(XVIII) 


CHjCHjCHjCOOH 

HCl 


The  reaction  of  the  chloride  (XVI)  with  sodiomalonic  ester  formed  3-(y -dicarbethoxypropyl)-quinuclidine 
(XVn),  The  yield  of  compound  (XVII)  was  low  (35%),  apparently  due  to  the  ready  conversion  of  the  base  3-(0- 
chlorocthyl)-quimiclidinc  into  an  internal  salt.  Heating  the  diestcr  (XVII)  with  hydrochloric  acid  yielded  the 
y -(quinuclidyl- 3)- butyric  acid. 


EXPERIMENTAL 

3-Quinuclidyl  benzcncsulfonate.  With  stirring  and  cooling,  a  solution  of  11.1  g  of  benzenesulfonyl  chloride 
in  20  ml  of  chlorofomi  was  added  to  a  solution  of  4  g  of  3-hydroxyquimiclidine  in  20  ml  of  anhydrous  chloroform. 
The  reaction  mixture  was  left  at  room  temperature  for  20  lir  and  then  boiled  for  18  hr.  To  the  cooled  mixture 
was  added  30  ml  of  water  and  2  ml  of  concentrated  hydrochloric  acid  and  the  acid  solution  formed  was  extracted 
with  ether  to  remove  neutral  substances,  treated  with  50%  potassium  carbonate  solution,  and  again  extracted  with 
ether.  The  ether  solution  obtained  by  extraction  of  the  al]<alinc  solution  was  dried  with  potassium  carbonate,  the 
ether  removed,  and  the  residue  recrystallized  from  ligroin.  We  obtained  5.32  g  (G3.3%)  of  3-quinuclidyl  benzcnc¬ 
sulfonate  as  colorless  crystals,  which  were  readily  soluble  in  water  and  organic  solvents.  The  m.p.  was  62-65®. 

Found  %:  C  59.16;  H  6.55;  N  5.37.  CjaHivOaNS.  Calculated  %.  C  58.42;  H  6.36;  N  5.45. 

Quinuclidyl- 3-acctic  acid.  To  the  sodiomalonic  ester  obtained  from  0.7  g  of  sodium,  13.1  g  of  malonic 
ester,  and  12  ml  of  anhydrous  alcohol  was  added  a  solution  of  5.43  g  of  3-quinuclidyi  bcnzcnesulfonatc  in  9  ml 
of  alcohol.  The  mixture  was  boiled  for  12  hr.  The  cooled  mixture  was  filtered  to  remove  sodium  benzencsulfonate 
(3.15  g),  then  the  alcohol  solution  evaporated  in  vacuum,  the  residue  dissolved  in  25  ml  of  dilute  hydrochloric  acid 
(1  ;  1),  and  the  solution  extracted  with  ether  to  remove  unreacted  malonic  ester.  The  hydrochloric  acid  solution 
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was  made  alkaline  with  507o  potassium  carbonate  solution  and  extracted  with  ether.  The  ether  solution  was  dried 
witli  potassium  carbonate,  the  ether  removed,  and  the  residue  (3  g)  boiled  with  30  ml  of  concentrated  hydrochloric 
acid  for  15  Iir.  Ihe  hydrociiloric  acid  solution  was  evaporated  in  vacuum,  the  residue  triturated  with  alcohol,  and 
the  crystals  collected  and  washed  with  alcoltol.  We  obtained  0.92  g  (22. 'Wo,  calculated  on  3-quinuclidyl  benzeiie- 
stilfonatc)  of  quini;clidyl-3-acetic  acid  hydrochloride.  The  colorless  crystals  were  readily  soluble  in  water,  dif¬ 
ficultly  soluble  in  alcohol,  and  insoluble  in  acetone  and  benzene.  The  m.p.  was  246-248*  (from  alcohol). 

[■ound  C  .52.63;  H  7.90;  N  6.85;  Cl  17.34.  C9H15CO2N  •  HCl.  Calcul.atcd  ‘7<:  C  52.55;  H  7.78;  N  6.81; 

Cl  17.27. 

F.lhyl  3-liydroxyquinuclidyl-3-acetatc.  Into  a  three-necked  flask  with  a  stirrer,  dropping  funnel,  and  reflu.x 
condenser  were  placed  12  g  of  zinc  dust,  a  crystal  of  iodine,  and  100  ml  of  a  mixture  of  anhydrous  ether  and  ben¬ 
zene  (1  :  1),  While  th.e  reaction  mixture  was  boiled  gently  (bath  temperature  60*),  a  solution  of  33.4  g  of  ethyl 
bromoacetate  in  -iO  ml  of  the  mixture  of  ether  and  benzene  was  added  over  a  period  of  2  hr.  When  V3  of  the 
bromoacetic  ester  had  been  added,  8  g  of  zinc  dust  was  added  and  when  all  the  bromoacetic  ester  had  been  added, 
a  further  6.4  g  of  zinc  dust.  The  reaction  mixture  was  boiled  for  2  hr  and  then  cooled  wdth  ice  water  and  to  the 
carbethoxymethylzinc  bromide  obtained  was  added  a  solution  of  10  g  of  3-quinuclidone  in  50  ml  of  the  mixture 
of  ether  and  benzene  over  a  period  of  40  min.  The  reaction  mixture  was  boiled  for  4  hr,  allowed  to  settle,  and 
treated  with  160  ml  of  glacial  acetic  acid.  The  yellow  solution  was  decanted  from  the  unreacted  zinc  and  extracted 
twice  with  120  ml  portions  of  water  and  three  times  with  50  ml  portions  of  dilute  hydrochloric  acid  (1  :  2).  The 
acid  solutions  were  made  alkaline  with  dry  potassium  carbonate,  the  inorganic  salts  removed  by  filtration  and  ex¬ 
tracted  with  ether,  and  the  alkaline  mass  carefully  extracted  witli  ether.  The  ether  extract  was  dried  with  potassium 
carbonate  and  evaporated  in  vacuum  to  yield  10.72  g  (6.3‘7f’)  of  ethyl  3-hydioxyquinuclidyl-3-acetate  as  colorless 
needlelike  crystals  wldch  were  readily  soluble  in  water  and  organic  solvents.  The  m.p.  was  101-102*  (from  ligroin). 

round  C  61.90;  11  8.66;  N  6.56.  CulljgOaN.  Calculated  C  61.97;  H  8.92;  N  6.44. 

The  hydrocliloride  formed  colorless  crystals  with  m.p.  120-122*. 

Methyl- 3-hydroxyquinuclidyl- 3- acetate.  The  reaction  of  10  g  of  3-quinuclidone,  30.6  g  of  methyl bromo- 
acetate,  and  26.4  g  of  zinc  in  a  mixture  of  ether  and  benzene  by  the  method  described  in  the  previous  experiment 
formed  2.62  g  of  methyl  3-hydroxyquinuclidyl- 3- acetate.  The  hydrochloride  had  m.p.  168-170*  (from  a  mixture 
of  alcohol  and  acetone). 

Found  Cl  14.96,  14.87;  N  5.96.  5.78.  CioHnOaN  *  HCl.  Calculated  Cl  15.07;  N  5.95. 

3-Hydroxyquinuclidyl-3-acetic  acid.  A  0.5  g  sample  of  ethyl  3-hydroxyquinuclidyl- 3-acetate  was  boiled 
for  4  hr  in  6  ml  of  dilute  hydrochloric  acid  (1  :  1).  The  hydrochloric  acid  solution  was  evaporated  in  vacuum,  the 
residue  triturated  with  acetone,  and  the  crystals  collected.  V/c  obtained  0.48  g  (Ob.b'yp)  of  3-hydroxyquinuclidyl- 
3-acctic  acid  hydrochloride  as  colorless  crystals,  which  were  readily  soluble  in  water  and  sparingly  soluble  in 
alcohol.  The  m.p.  was  221*  (decomp.). 

Found  'y.t  C  48.98;  H  7.12;  N  6.28;  Cl  15.97.  CgHiyOsN  •  HCl.  Calculated  C  48.96;  H  7.22;  N  6.32; 

Cl  16.03. 

3-Carhethox)nnethylenequinuclidine.  A  mixture  of  7  g  of  ethyl  3-hydroxyquinuclidyl- 3-acetate  hydrochlo¬ 
ride,  6.7  g  of  thionyl  chloride,  and  50  ml  of  anhydrous  benzene  was  heated  at  55-60*  for  7  hr.  The  solution  was 
evaporated  in  vacuum,  the  residue  diluted  with  ether,  and  the  crystals  collected.  The  yield  of  3-carbcthoxymethyl- 
enequinuclidine  hydrochloride  was  5.87  g  (90.5‘yf).  The  colorless  crystals  were  readily  soluble  in  water  and  alcohol 
and  insoluble  in  ether  and  benzene.  The  m.p.  was  191-192*. 

Found  %  C  57.12;  H  7.86;  Cl  15.17.  CjillnOzN  •  HCl.  Calculated  C  57.02;  H  7.77;  Cl  15.33. 

3-Carbethox)Tnethylcnequinuclidine,  which  was  isolated  from  the  hydrochloride,  formed  a  mobile  greenish 
liquid,  which  was  readily  solubie  in  water  and  organic  solvents.  It  had  b.p.  94-96*  (0,3  mm). 

Found  °!o:  N  7.22.  C11H17O2N.  Calculated  let  N  7.18. 

3-Carbox>anethylencquinuclidinc.  A  mixture  of  6  g  of  3-carberhoxymethylenequinuclidine  and  60  ml  of 
dilute  hydrochloric  acid  was  boiled  for  6  hr.  The  hydrochloric  acid  solution  was  decolorized  with  charcoal  and 
evaporated  on  a  steam  bath.  The  residue  was  triturated  with  acetone  and  the  crystals  collected.  The  yield  of 
3-carboxymethylenequinuclidine  hydrochloride  was  5.9  g  (94.5%).  The  m.p.  was  268*  (decomp.). 
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Found  %  N  6.89;  Cl  17.60.  C9H13O2N  *  HCl.  Calculated  <7(1  N  6.88;  Cl  17.44. 

Amide  of  3-carboxymethylenequinuclidine.  A  mixture  of  1.1  g  of  3-carboxymethylenequinuclidine  hydro¬ 
chloride  and  10  ml  of  thionyl  chloride  was  heated  at  60-65’  for  5  hr.  The  excess  thionyl  chloride  was  removed 
in  vacuum.  The  residue,  which  consisted  of  3-chlorocarbonylmethylenequinuclidine  hydrochloride,  was  suspended 
in  100  ml  of  anhydrous  ether  and  a  stream  of  ammonia  passed  into  the  suspension  for  1  hr  with  cooling.  The  reac¬ 
tion  mixture  was  kept  at  20*  for  15  hr.  20  ml  of  50%  potassium  carbonate  then  added,  and  the  mixture  extracted 
with  chloroform.  The  chloroform  solution  was  dried  with  potassium  carbonate  and  evaporated  in  vacuum  and  the 
crystals  obtained  were  washed  with  ether  on  a  filter.  The  yield  was  0.68  g  (77.3%).  The  amide  was  readily  solu¬ 
ble  in  water,  alcohol,  acetone,  and  chloroform  and  insoluble  in  ether  and  benzene.  The  m.p.  was  201-203*  (from 
chloroform). 

Found  %  C  64.63.  H  8.41;  N  16.99.  C9H14ON2.  Calculated  %  C  65.06;  H  8.43;  N  16.87. 

Oxidation  of  3-carboxymethylencquinuclidine.  To  a  solution  of  2  g  of  3-carboxymethylenequinuclidine 
hydrochloride  in  50  ml  of  water  was  added  9.6  ml  of  10%  sulfuric  acid,  the  mixture  cooled  to  0*,  and  a  solution 
of  3.15  g  of  potassium  permanganate  in  80  ml  of  water  at  0-2*  added  with  stirring  over  a  period  of  1  hr.  The 
mixture  was  stirred  at  the  same  temperature  for  a  further  4  hr  and  then  the  manganese  dioxide  removed  and  washed 
with  hot  water.  The  filtrate  was  acidified  with  concentrated  hydrochloric  acid  and  evaporated  on  a  water  bath,  the 
residue  mixed  with  20  ml  of  concentrated  hydrochloric  acid,  and  the  hydrochloric  acid  solution  boiled  for  16  hr. 

The  reaction  mixture  was  evaporated  in  vacuum  and  the  residue  treated  with  25  ml  of  50% potassium  hydroxide 
solution  and  extracted  with  benzene.  Distillation  of  the  benzene  yielded  0.5  g  of  3-quinuclidone.  We  Isolated 
the  picrate  with  m.p.  210*,  which  did  not  depress  the  melting  point  of  3-quinuclidone  picrate. 

Qutnuclidyl- 3- acetic  acid.  A  solution  of  5.3  g  of  3-carboxymethylenequinuclidine  hydrochloride  in  70  ml 
of  1  N  hydrochloric  acid  was  shaken  with  hydrogen  in  the  presence  of  0.2  g  of  platinum  oxide.  The  required  amount 
of  hydrogen  was  absorbed  in  2  hr.  The  platinum  black  was  removed  by  filtration,  the  hydrochloric  acid  solution 
evaporated  on  a  steam  bath,  and  the  residue  diluted  with  acetone  and  filtered.  We  obtained  5.1  g  (96.2%)  of  quf- 
nuclidyl-3-acetic  acid  hydrochloride.  The  m.p.  was  248-249’  (from  alcohol). 

Found  %  Cl  17.36.  C5II15O2N  •  HCl.  Calculated  %:  Cl  17.27. 

The  acid  obtained  did  not  depress  the  melting  point  of  quinuclidyl- 3- acetic  acid  hydrochloride  synthesized 
from  3-hydroxyquinuclidine. 

Ethyl  quinuclidyl- 3- acetate.  A  mixture  of  3.5  g  of  quinuclidyl- 3- acetic  acid  hydrochloride  and  35  ml  of 
a  10%  alcohol  solution  of  hydrogen  chloride  was  boiled  for  3  hr.  The  alcohol  was  then  removed  in  vacuum  and 
the  residue  again  heated  with  35  ml  of  an  alcohol  solution  of  hydrogen  chloride.  After  removal  of  the  alcohol, 
the  reaction  mixture  was  treated  with  a  saturated  solution  of  potassium  carbonate  and  extracted  with  ether.  The 
ether  solution  was  dried  with  potassium  carbonate  and  evaporated  and  the  residue  distilled.  The  yield  was  2.4  g 
(71.6%),  The  colorless  mobile  liquid  was  readily  soluble  in  water  and  organic  solvents.  The  b.p.  was  142*  (10mm). 

Found  %  C  67.18;  H  9.46;  N  7.24.  CuHjgOjN.  Calculated  %  C  67.00;  H  9.65;  N  7.10, 

Methyl  quinuclidyl- 3- acetate.  By  the  method  described  in  the  previous  experiment,  we  obtained  1.85  g 
(69.3%)  of  ester  from  3  g  of  quinuclidyl- 3- acetic  acid  hydrochloride.  The  b.p,  was  143-144’  (16  rnm).  The 
picrate  had  m.p.  173-174’  (from  a  mixture  of  alcohol  and  acetone). 

Found  %:  C  46.45;  H  4.95;  N  13.59.  C16H20O9N4.  Calculated  %:  C  46.60;  H  4.85;  N  13.60. 

Diethylaminoethyl  quinuclidyl- 3- acetate-  The  acid  chloride  of  quinuclidyl- 3- acetic  acid  obtained  from 
3  g  of  acid  hydrochloride  was  mixed  with  30  ml  of  diethylaminoethanol  with  cooling  and  the  mLxture  heated  on 
a  boiling  water  bath  for  3  hr.  The  e.xcess  diethylaminoethanol  was  removed  in  vacuum  and  the  residue  treated 
with  507o  potassium  carbonate  solution  and  extracted  v;ith  ether.  After  removal  of  the  ether,  the  residue  was 
vacuum  distilled  twice.  We  obtained  0.85  g  (21.7%)  of  diethylaminoethyl  quinuclidyl- 3- acetate  as  a  yellow 
viscous  liquid  which  was  soluble  in  organic  solvents  and  sparingly  soluble  in  water.  The  b.p.  was  172- 175’ (0.5  mm) 

Found  C  66.81;  H  10.22.  C15H2SO2N2.  Calculated  %  C  67.16;  H  10.-15. 

The  diiodomcthylate  formed  colorless  crystals  with  m.p.  234’  (decomp.)  (from  a  mixture  of  alcohol  and 
acetone). 
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Found  %  I  45.6G;  N  5.07.  C„IVP2N2l2.  Calculated  I  .16.00;  N  5.07, 

B''nzvlainide  of  quinuclidyl-3-acctic  acid.  A  4.0  g  sample  of  quinuclidyl-3- acetic  acid  hydrochloride  was 
convcrfod  into  the  acid  cliloride  hy  the  mctitod  described  above.  The  acid  chloride  obtained  was  added  with  cool¬ 
ing  to  a  solution  of  1.5.4  g  of  bciizylatnine  in  50  ml  of  anhydrous  ether.  The  mixture  was  stirred  thoroughly  and 
after  2  hr  treated  with  40  ml  of  257c’ potassium  carbonate  solution  and  the  ether  layer  separated  from  the  mother 
solution,  which  was  then  extracted  with  chloroform.  The  ether  and  chloroform  extracts  were  combined,  dried 
witli  potassium  carbonate  and  evaporated,  and  the  residue  was  vacuum  distilled.  We  collected  a  fraction  with 
b.p.  220-225*  (0.8  mm).  The  substance  obtained  was  triturated  with  ether  and  the  crystals  collected  and  re¬ 
crystallized  from  20  ml  of  ethyl  acetate.  We  obtained  2  g  (3377  colorless  crystals,  which  were  readily  soluble 
in  acetone,  alcohol,  and  chloroform,  less  soluble  in  ethyl  acetate,  and  insoluble  in  water,  ether,  and  benzene. 

The  m.p.  was  124*126". 

Found  7<«  C  74.60;  H  8.27;  N  10.67.  CjcHaaONz.  Calculated  C  74.42;  H  8.52;  N  10.85. 

3-(6 -Benzylaminoethyl)-quinuclidinc.  A  2  g  sample  of  the  benzylamide  of  quinuclidyl-3- acetic  acid  was 
added  to  a  suspension  of  0.45  g  of  lithium  aluminum  hydride  in  a  mixture  of  40  ml  of  anhydrous  dioxane  and  20  ml 
of  anhydrous  ether.  The  reaction  mixture  w^as  boiled  and  stirred  for  20  hr.  cooled,  and  treated  with  1  ml  of  water. 
The  lithium  and  aluminum  hydroxides  were  removed  r.nd  washed  with  ether  carefully,  the  solvent  was  removed 
in  vacuum,  and  the  residue  distilled.  The  yield  was  1.6  g  (84. ST?)*  The  viscous  greenish  liquid  was  readily  soluble 
in  water  and  organic  solvents.  The  b.p.  was  157-160"  (0.5  mm). 

Founder  C  78.09;  II  9.81;  N  10.92.  CioH2,N2.  Calculated  7^  C  78.59;  H  9.84;  N  10.92. 

3-(fl  -Dicthylaminoethyl)-(piinuclidine.  The  acid  chloride  of  quinuclidyl-3-acetic  acid  from  3  g  of  acid 
hydrochloride  was  added  with  cooling  to  10  ml  of  diethyl  a  mine.  The  reaction  mixture  was  treated  as  described 
above.  Tlie  yield  of  die  diethylamide  of  quinuclidyl-3-acetic  acid  was  1.65  g  (5177.  The  b.p.  was  148-150" 

(0.8  mm). 

Reduction  of  the  diethylamide  with  0.4  g  of  lithium  aluminum  hydride  under  Ae  usual  conditions  yielded 
1.1  g  (877>')  of  3-(6 -dieihylaminocthyl)-quinuclidine  as  a  colorless  mobile  liquid  with  a  sharp  amine  odor,  which 
was  soluble  in  water  and  organic  solvents. 

Found  7o:  N  13.04.  CiallzoNj.  Calculated  7-?  N  13.34. 

3- (8  -Hydroxycthyl)-quinuclLdine.  A  2.4  g  sample  of  ethyl  quinuclidyl-3- acetate  was  added  to  a  suspension 
of  0.7  g  of  lithium  aluminum  hydride  in  70  ml  of  anhydrous  ether.  The  mixture  was  boiled  for  2  hr.  Treatment 
of  the  reaction  mixture  as  in  previous  experiments  yielded  1.65  g  (87.27o)  of  3-(0 -hydroxycthyl)-quinuclidinc  as 
a  colorless  viscous  liquid.  The  b.p.  was  135"  (5  mm).* 

Found  7j;  C  69.71;  H  10.95;  N  9.17.  C9H17ON.  Calculated  7c?  C  69.70;  H  10.97;  N  9.03. 

3-(8-Aceroxycthvl)-quinuclidinc.  A  mixture  of  1.3  g  of  3-{8 -hydroxyethyl)-quimiclidine.  1.3  g  of  acetyl 
chloride,  and  10  ml  ol  benzene  was  boiled  for  6  hr.  The  reaction  mixture  was  diluted  with  10  ml  of  ether  and 
the  3-(8 -acctoxycthyl)-quinuclidine  hydrochloride  collected  by  filtration.  The  yield  was  1.9  g  (9777.  The  color¬ 
less  hygroscopic  crystals  were  readily  soluble  in  alcohol  and  water  and  insoluble  in  ether  and  acetone.  The  m.p. 
was  136-138“  (from  a  mixture  of  alcohol  and  acetone). 

Found  7ct  Cl  15.11,  15.13;  N  5.02,  6.20.  CnHigOjN  •  HCl.  Calculated  7*?  Cl  15.20;  N  6.00. 

3- (6  -Benzoyloxyethyl)-quinuclidine.  By  the  method  described  in  the  previous  experiment,  from  1.1  g  of 
3-(6  -Iiydroxycthyl)-quinuclidinc.  1.5  g  of  benzoyl  chloride,  and  10  ml  of  benzene  we  obtained  2.05  g  (97.67o) 
of  3-(8 -benzoyloxyethyl)-quinuclidinc  hydrochloride  as  colorless  crystals  with  m.p.  189-191"  (from  a  mixture 
of  alcohol  and  acetone). 

Found  7:  Cl  12.16,  12.08;  N  5.03.  CigH2i02N  •  IICl.  Calculated  7?  Cl  12.01;  N  4.73. 

3- (6  -ChlorocthvD-quinuclidinc.  A  mixture  of  2  g  of  3 -(6  -hydroxyethyl)-quinuclidinc  hydrochloride, 

10  ml  of  thionyl  chloride,  and  20  ml  of  anhydrous  benzene  was  heated  at  65"  for  2  hr  and  for  3  hr.  The  reaction 

•B.p.  124"  (3  mm)  is  reported  in  the  literature  [4]. 
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mixture  was  evaporated  in  vacuum.  The  residue  was  dissolved  in  10  ml  of  anhydrous  alcohol  and  the  alcohol 
solution  diluted  with  40  ml  of  ether.  We  obtained  1.9  g  (86.770)  of  3-(0  -chloroethyl)-quinuclidine  hydrochloride. 
The  m.p.  was  161-163*. 

Found  7o:  Cl  33.78.  33.97.  CgHieNCl  •  HCl.  Calculated  7o:  Cl  33.81. 

3-(y-Dicarbcthoxypropyl)'qninuclidine.  To  the  sodium  alcoholate  from  0.42  g  of  sodium  and  10  ml  of 
anhydrous  alcohol  was  added  2.88  g  of  malonic  ester  and  then  18  g  of  3-(S -chlorocthyl)-ciuinuclidine  hydrochlo¬ 
ride.  The  mixture  was  heated  for  18  hr  on  a  boiling  water  bath.  The  cooled  mass  was  made  acid  to  Congo  with 
an  alcohol  solution  of  hydrogen  chloride,  the  sodium  chloride  removed  by  filtration,  the  solution  evaporated  in 
vacuum,  the  residue  dissolved  in  10  ml  of  water,  and  the  neutral  substances  were  extracted  with  ether.  The  acid 
solution  was  treated  with  SOTj  potassium  carbonate  solution  and  the  reaction  products  were  extracted  with  ether. 
The  ether  solution  was  dried  with  potassium  carbonate  and  evaporated  and  the  residue  vacuum  distilled.  We  ob¬ 
tained  0.9  g  (35.47o)  of  3-(y  -dicarbethoxypropyl)-quinuclidine  as  a  colorless  viscous  liquid.  The  b.p.  was  155“ 
(0.35  mm). 

Found  7?  C  64.39;  H  9.23;  N  5.06.  CigH2704N.  Calculated  7^.  C  64.64;  H  9.08;  N  4.72. 

y -(Ouinuclidyl-3)-butyric  acid.  A  mixture  of  0.7  g  of  3-(y -dicatbethoxypropyl)-quinuclidine  and  60  ml 
of  concentrated  hydrochloric  acid  was  boiled  for  16  lir.  The  hydrochloric  acid  solution  was  decolorized  with 
charcoal  and  evaporated  in  vacuum.  The  residue  was  dried  by  the  addition  and  vacuum  distillation  of  benzene 
and  then  triturated  with  acetone  and  the  y -(quinuclidyl-3)-but\Tic  acid  hydrochloride  collected  by  filtration. 
The  yield  was  0.5  g  (9l7o).  The  colorless,  lustrous  scales  were  readily  soluble  in  water,  less  so  in  alcohol,  and 
insoluble  in  ether  and  acetone.  The  m.p.  was  230-232“  (from  alcohol). 

Found  7<i  C  56.29;  H  8.41;  N  6.26;  Cl  15.11.  CuHigOzN  •  HCl.  Calculated  7r  C  56.53;  H  8.57;  N  6.00; 
Cl  15.20. 


SUMMARY 

Two  new  methods  were  developed  for  the  preparation  of  quinuclidyl- 3- acetic  acid  from  3-quinuclidone; 
a)  through  3-hydroxyquinuclidine.  3-quinuclidyl  benzeiiesulfonate.  and  3-dicarbethox}7nethylquinuclidine;  b) 
through  ethyl  3-hydroxyquinuclidyl-3-acetatc,  3-carbethox>aTiethylcnequinuclidine.  and  3-carboxymethylene- 
quinuclidine.  The  second  method  made  it  possible  to  obtain  the  acid  in  a  higher  yield. 

A  series  of  derivatives  and  conversion  products  of  this  acid  were  synthesized. 
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The  pre.ccnt  investigation  is  a  continuation  of  work  to  study  the  reaction  of  molecules  of  unsaturated  com¬ 
pounds  with  electrons  and  to  establish  the  correlations  between  theii  strut;ture  and  mass  spectra  [1-3]. 

In  a  previous  communication  in  a  discussion  of  data  on  vinylalkylacetylcncs,  we  analyzed  some  general 
rules  in  the  mass  spectra  of  saturated,  cthylenic,  1,3-dienic,  acetylenic,  and  vinylacetylenic  hydrocarbons.  It 
was  shown  that  the  probability  of  decomposition  in  all  tliesc  scries  increases  with  an  increase  in  the  length  of  the 
alkyl  radicals  and  the  stability  of  the  molecular  ions  is  inversely  proportional  to  the  degree  of  saturation  of  the 
hydrocarbons.  Tiic  distribtition  ettrves  of  ion  intensities  in  the  spectra  of  saturated  and  ethylcnic  hydrocarbons 
have  only  one  clearly  expressed  maximum  (for  the  ions  C3Hj^),  while  in  the  case  of  acetylenic,  1,3-dienic,  and 
vinylacetylenic  hydrocarbons,  the  spectra  showed  two  maxima  [2]. 

There  arc  no  data  in  the  literattirc  on  alloncs,  apart  from  allcne  and  2,3-pentadiene  [4]. 


In  order  to  determine  the  effect  of  the  position  of  the  double  bonds  on  the  predominant  formation  of  some 
ions  under  electron  impact  and  compare  these  data  witli  the  mass  spectroscopic  characteristics  of  other  hydrocar¬ 
bons,  we  investigated  the  mass  spectra  of  a  series  of  allenes  which  were  2,3-  and  3,4-diencs.  The  work  was 
carried  out  with  an  MS-1  instrument  at  an  accelerating  potential  of  2.5  kv,  an  ionizing  electron  energy  of  70  ev, 
and  an  emission  current  of  1.5  ma. 

The  mass  spectra  of  all  hydrocarbons,  including  allenes,  show  a  fall  in  the  stability  of  a  molecular  ion  with 
an  increase  in  the  molecular  v'eight.  Ions  formed  as  a  result  of  rupture  of  the  C  "C  bonds  predominated  in  the  mass 
spectra  of  allenes.  Ions  formed  by  dissociation  of  C-Il  bonds  were  much  less  intense.  The  formation  of  manyquite 
intense  ions  cannot  be  explained  by  simple  dissociation  of  one  bond  and  in  a  number  of  cases  it  was  accompanied 
by  migration  of  hydrogen  or  there  was  simultaneous  decomposition  at  two  C-C  bonds  [5,  6].  The  distribution  curve 
of  ion  intensities  both  for  1,3-diencs  and  allenes  sliowed  two  maxima  for  the  ions  C3Hj^and  (Fig.  1). 

Together  with  these  general  regularities,  the  mass  spectra  of  the  two  types  of  allenes  (2,3-  and  3,4-dienes) 
have  some  specific  characteristics  which  depend  on  their  structures  (Table  1). 


In  the  mass  spectra  of  3,4-dienes  (3.4-octadiene,  7-methyl-3.4-octadiene,  and  3,4-dccadicne),  the  most 
intense  peak  was  that  for  mass  67  (CsHy'*’).  These  ions  arc  apparently  produced  by  the  decomposition  of  3,4- dienes  at 
at  the  bond  a  to  the  allyl  grouping. 


CH3-CH2--CH  =C  =CH- 


-CHj-R 


Together  with  this  there  is  dccompvosition  of  the  excited  molecular  ion,  probably  at  the  two  a  C~C  bonds 
simultaneously  with  the  formation  of  C3Hx'^.  Among  the  ions  of  this  type,  the  most  intense  ones  are  C3H3'*’  and 
C3H5+  ions,  i.e.,  those  which  may  be  assigned  a  stable  structure  with  conjugated  bonds  [2]. 
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TABLE  1 


Mass  Spectra  of  Some  Allenes 


Ion 

Ratio  of  ion  currents  i°io) 

masses 

IjgSH 

7-meth\i-2,- 
3-  octatfiene 

15 

8.6 

6.3 

4.5 

2.5 

6.1 

3.4 

26 

3.7 

4.0 

2.2 

3.4 

4.2 

2.3 

27 

Ik\A 

47.0 

26.0 

29.4 

59.6 

32.1 

29 

32.1 

22.2 

37.7 

35.6 

26.0 

18.2 

39 

46.3 

60.6 

34.2 

28.9 

85,8 

46.6 

41 

59.7 

81.5 

76.6 

53.2 

86.8 

70.4 

42 

6.7 

6.3 

4.2 

7.9 

10.8 

6.7 

43 

7.8 

32.8 

7.5 

15.3 

13.6 

18.4 

.50 

4.1 

5.5 

2.5 

2.1 

8.7 

4.2 

.51 

10.7 

14.7 

/./ 

7.4 

17.4 

10.4 

•52 

6.() 

8.0 

4.2 

.5.5 

9.5 

5.8 

53 

23.4 

34.3 

l.Vi 

19.7 

40.2 

25.0 

54 

8.0 

6.0 

3.9 

9.5 

8.9 

.3.8 

55 

19-6. 

23.2 

11.7 

23.2 

23.7 

12.2 

;)() 

1.8 

4.9 

3.4 

4.5 

4.4 

5.4 

57 

1.1 

2.0 

100.0 

12.1 

3.4 

19.4 

61 

— 

0.2 

— 

_ 

0.2 

62 

0.5 

1.4 

0.7 

1 .5 

l.l 

0.9 

63 

.3.1 

4.7 

2.7 

2.1 

4.4 

2.9 

64 

0.4 

1.2 

0.6 

0.3 

0.7 

0.7 

6.5 

10.6 

n.7 

7.5 

9.2 

14.2 

20.2 

66 

— 

6.2 

3.5 

5.5 

6.5 

6.5 

67 

100.0 

lOO.O 

.50.8 

KHI.O 

82.2 

59.2 

68 

13.6 

152 

3.6 

11.0 

IlM'.O 

100.0 

m 

5.7 

8.9 

3.6 

fi.H 

13.2 

10.9 

70 

0.2 

1.2 

0.9 

1.6 

1.0 

0.9 

/  ! 

10.8 

1.3.7 

9.1 

8.9 

8.7 

6.4 

78 

1.2 

4.0 

1.8 

1.8 

1.8 

1.5 

79 

20.5 

.31.8 

11.8 

17.4 

20.0 

11.9 

80 

3.0 

I.S 

2.9 

2.9 

1.8 

81 

21. .3 

47.5 

y;/  •> 

27.4 

31.3 

12.8 

82 

4.5.1 

26.5 

26.7 

61.0 

2.9 

2.3 

8'» 

•>  *1 

1.8 

1.9 

1.’) 

— 

0.4 

8'. 

— 

— 

(».2 

0.5 

— 

_ 

91 

— 

4. .3 

4.4 

1.6 

3.7 

2.4 

93 

2.!* 

3.(i 

2.3 

— 

2.7 

^,.3 

94 

2.6 

1.7 

1.0 

— 

0.2 

0.5 

9.5 

14.8 

36.0 

9.4 

9.2 

21.5 

4.1 

107 

— 

1.9 

0.7 

0.9 

— 

0.6 

108 

0.3 

0.4 

0.3 

_ 

7.0 

109 

1.:’. 

17.2 

7.5 

9.3 

0.9 

0.6 

no 

— 

1.4 

l.l 

1.2 

2.1 

_ 

111 

— 

— 

_ 

0.2 

_ 

_ 

117 

— 

— 

— 

0.1 

_ 

_ 

119 

- 

— 

— 

0.1 

— 

_ 

121 

— 

_ 

0.4 

_ 

_ 

_ 

12.3 

— 

— 

9.5 

1.0 

_ 

_ 

124 

4.5 

9.1 

0.1 

_ 

0.6 

137 

— 

— 

— 

0.3 

_ 

_ 

138 

l.l 

O.l 

— 

— 

The  introduction  of  a  methyl  group  into  position  7  did  not  substantially  change  the  nature  of  the  intensity 
distribution  in  the  spectrum  as  is  indicated  by  the  distribution  curve  illustrated  in  Fig.  1.  The  introduction  of  a 
second  methyl  group  into  the  same  position  sharply  changed  this  distribution.  The  mass  spectrum  of  7,7- dimethyl- 
3, 4-octadiene  differed  from  the  spectra  of  the  other  two  representatives  of  this  series  of  dienes  in  the  high 
intensity  of  the  ion  with  mass  57  (C4H9+),  due  to  which  the  basic  rule  of  the  ion  intensity  distribution  was  distorted 
somewhat  (the  maximum  was  displaced).  It  is  most  likely  that  this  ion  had  a  tertiary  butyl  structure  and  arose  as 
a  result  of  rupture  of  the  6  -  bond. 


CH3-CH2-CH  =C  =CH-CH2- 


C(CH3)3 


Fig.  1.  Distribution  of  ion  intensities  with  respect  to  tne  number  of  carbon  atoms  in  the 
mass  spectra  of  allenes.  2,3-Dicnes;  1)  2,3-pcntadiene;  2)  2,3-octadicne;  3)  7-methyl- 
2,3-oc’adicnc.  S.-l-Dicnes:  1)  3.4-octadiene;  3)  7,7-dimothyl-3,4-octadienc;  4)3,4- 
decadienc. 

The  reason  for  this  dissociation  of  7,7- dimethyl- 3.4- octadicnc  should  be  sought  in  the  capacity  of  different 
atomic  groupings  to  affect  the  electron  density  of  individual  bonds  and  ccnsequemly  their  stability  under  electron 
impact.  The  predominant  formation  of  the  C4ri3^  ion  may  be  the  result  of  the  higher  polarization  of  the  6  -bond 
bearing  the  tertiary  butyl  radical  in  ihL  hydrocarbon  and  also  tlic  considerable  stability  of  this  ion  due  to  conjuga¬ 
tion. 


The  rupture  of  the  same  0-bond  in  7-mcthyl-3,4-octadicne  and  3.4-octadiene  formed  ions  of  mass  43  and 
29,  respectively,  which  had  lower  intensities.  The  decomposition  of  3.4-diencs  obeys  the  known  rule  according 
to  which  the  intensity  of  elimination  of  radicals  und»;r  electron  impact  increases  linearly  with  a  change  from 
primary  to  secondary  and  tertiary  groupings  [5].  However,  it  should  be  noted  that  together  with  those  given,  there 
are  other  possible  modes  of  formation  of  these  ions. 


The  general  nature  of  the  distribution  of  ion  intensities  in  the  mass  spectra  of  2,3-dicncs  was  analogous  to 
that  observed  for  3,4- dienes:  The  distribution  curve  here  also  had  two  even  more  sharply  expressed  maxima,  cor- 
rcspondhig  to  the  iom  (C3HX  and  CsH^-  However,  the  maximum  peak  in  the  spectrum  was  not  that  at  mass  67, 
but  68,  which  could  arise  only  as  a  result  of  migration  of  hydrogen,  for  example,  according  to  the  equation: 


CH3-CH  =  C 


=  CH-CH2- 


-  C  H2  -  C  H  -  C  H3  C  H3- CH=CH  -  CH=CH2-K:3H  j. 


/ 


H 


Thus,  decomposition  with  the  formation  of  the  most  intense  ion  in  the  case  of  3,4- dienes  most  probably 
occurs  at  the  a- bond  and  is  not  accompanied  by  the  migration  of  hydrogen,  while  in  the  case  of  2,3-diencs,  it 
occurs  at  the  6  -  bond  and  is  accompanied  by  the  migration  of  hydrogen  and  in  all  cases,  the  most  stable  ions, 
CjH^  are  obtained. 

This  difference  in  the  behavior  of  3,4-  and  2,3-diencs  toward  electron  impact  may  be  connected  w'ith  the 
fact  that  in  the  case  of  3,4- dienes,  the  ion  formed  initiall)  readily  assumed  (without  migration  of  H  atoms)  a 
stable  propargyl  structure, 

C2H5-CH  =  C  =  CH+ -C2H5-CH'*'-C  =  CH. 

in  the  case  of  2,3-dicncs,  the  fragment  ion  of  the  same  origin  may  be  stabilized  only  with  the  migration 
of  hydrogen. 
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Fig.  2.  Ionization  curves  of  ions  with  mass  67  formed  by  dissociation  of 
3,4-dienes.  1)  3,4-Octadiene;  2)  7-methyl- 3, 4-octadiene;  3)  3, 4-de- 
cad  iene. 

It  is  interesting  to  note  that  in  the  case  of  3,4-dienes  the  fragment  ion  of  the  type  C2H5-CH  =  C  =  CH'CHj'*’ 
is  also  stabilized  predominantly  with  the  migration  of  hydrogen  as  the  ion  and  it  was  precisely  as  a  result  of 

this  stabilization  that  the  distribution  curve  of  ion  intensities  (Fig.  1)  showed  the  peculiar  convexity  that  was  ab¬ 
sent  on  the  analogous  curve  characterizing  the  decomposition  of  2,3-dienes. 

We  obtained  some  data  confirming  the  mechanism  proposed  for  the  formation  of  the  most  intense  fragment 
ions  by  examining  the  ionization  curves  and  appearance  potentials  of  these  ions.  The  appearance  potentials  of  the 
molecular  ions  were  not  determined  due  to  their  low  intensity.  The  procedure  for  determining  them  has  been  de¬ 
scribed  previously  [1,  5]. 

An  examination  of  the  ionization  curves  of  the  ion  with  mass  67  for  3,4- dienes  shows  that  the  change  in 
intensity  of  the  ion  current  in  relation  to  the  energy  of  the  ionization  electrons  may  be  represented  by  one  com¬ 
mon  curve  (Fig.  2).  For  3,4-octadicne,  7-methyl-3. 4-octadiene,  and  3.4-dccadiene,  the  appearance  potentials 
varied  within  the  limits  of  e.xperimental  error  (11.6,  11,7,  and  11.9  ev,  respectively).  This  confirms  our  hypo¬ 
thesis  that  the  mechanism  of  the  formation  of  the  ion  of  mass  67  is  the  same  for  different  3,4-dienes  (by  decom¬ 
position  of  the  a- bond). 

Since  the  dissociation  of  7,7-dimethyl-3.4-octadienc  is  somewhat  different  to  that  of  the  other  3,4-dicnes, 
we  determined  the  appearance  potentials  of  several  fragment  ions,  namely,  those  with  mass  41,  57.  67,  and  68. 

They  were  15.0,  11.7,  13,5,  and  12.6  ev,  respectively.  As  was  to  be  expected,  the  ion  with  mass  57.  which  was 
the  most  intense  in  the  spectrum,  had  the  lowest  appearance  potential. 

For  2,3-dicnes,  we  determined  the  appearance  potentials  of  ions  with  masses  67  and  68.  The  appearance 
potentials  of  ions  with  mass  68  for  2,3-octadiene  and  7-methyl- 2,3- octadicne  were  equal  to  9.2  and  9.9  ev, 
respectively.  We  obtained  somewhat  higher  values  (13.8  and  12.7  ev)  for  ions  of  mass  67. 

The  appearance  potential  of  ions  with  mass  68  was  found  to  be  close  to  the  ionization  potential  of  1,3- 
pentadiene  (9.2  ev)  [5].  This  may  indicate  the  accuracy  of  our  hypothesis  on  the  mechanism  of  formation  of  this 
ion  (dissociation  at  the  6 -bond,  migration  of  hydrogen,  and  stabilization  of  the  ion  as  a  conjugated  structure). 

The  sensitivity  and  total  ionization  are  analytical  characteristics  that  arc  normally  determined. 

We  determined  the  sensitivity  of  allencs  relative  to  benzene  by  analysis  of  artificial  mixtures.  The  data 
presented  in  Table  2  show  that  among  2,3-dienes,  the  relative  ionizability  coefficient  increased  from  0.62  for 
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TABLE  2 


Relative  Sensitivity  and  Total  Ionization  of  Some  Allenes 


Hydrocarbon 

Relative 

sensitivity 

Total 

ionization 

Allenc 

0.62 

0.76 

2,3-Pentadiene 

0.62 

1.27 

2.3-Octadiene 

0.62 

1.87 

3,4-Octadiene 

0.62 

1.40 

7-Methyl- 2, 3-octadiene 

0.83 

1.86 

7-Methyl- 3,4- octadiene 

0.56 

1.65 

3,4-Decadiene 

0.81 

1.81 

7,7- Dimethyl- 3.4- octadiene 

0.81 

1.81 

Benzene 

1.00 

1.00 

allenc  to  0.83  for  7-methyl-2,3-octadienc.  An  increase  in  coefficients  was  also  observed  for  3,4-dicnes,  but  the 
values  Were  somewhat  lower  than  for  the  corresponding  2,3-dienes. 

The  total  ionization  was  determined  as  the  product  of  the  sum  of  all  the  peaks  in  the  spectrum  and  the 
sensitivity  of  tlie  maximum  peak  [7],  An  investigation  of  the  relation  between  the  molecular  structure  and  the 
total  amount  of  ions  formed  by  unit  amount  of  substance  showed  that  in  different  series  of  hydrocarbons  the  total 
ionization  is  a  linear  function  of  molecular  weight  fS].  Among  paraffins  and  ethylenes  and  also  alkylbenzcnes  [4] 
and  thiopliancs  [3],  the  total  ionization  for  Lsomers  is  so  similar  that  they  may  be  considered  as  one  group  in 
analysis  [2]. 

For  allenes  there  was  also  a  definite  relation  be¬ 
tween  the  molecular  weight  and  total  ionization;  how¬ 
ever,  the  points  for  3.4-  and  2,3- dienes  lay  on  two 
straight  lines  (Fig.  3)  and  the  difference  in  total  ioniza¬ 
tion  of  i-somers  reached  26^a  This  indicates  that  in 
individual  cases  there  is  a  more  complex  relation  be¬ 
tween  the  total  ionization,  which  characterizes  the 
cross  section  of  the  reaction  of  electrons  with  molecules, 
and  the  specific  characteristics  of  the  structure  of  the 
latter.  In  particular,  it  is  probable  that  the  total  polar¬ 
ization  may  be  a  function  of  polarizability. 

Interesting  conclusions  on  the  correlation  between 
structure  and  mass  spectra  might  be  obtained  by  com¬ 
paring  the  mass  spectroscopic  characteristics  of  allenes 
and  conjugated  and  unconjugated  dienes.  However,  the 
literature  does  not  as  yet  contain  the  required  data. 

The  allenc  preparations  used  in  the  present  work 
were  obtained  by  addition  of  appropriate  alkyllithiums 
to  vinylalkylacctylenes.  Their  constants  and  infrared 
spectra  were  published  previously  [9], 


nj  m 

o  o 


Carbon  atom  content  of  molecule 


Fig.  3.  Total  ionization  of  allenc  and  some  of  its 
homologs.  1)  3,4-Dienes;  2)  2,3-dienes. 
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SUMMARY 


1.  rhe  mass  spectra  of  the  following  six  allenes  were  described;  2,3-octadiene,  3,4-octadiene,  7-methyl- 
2,3-octadicnc,  7-mcthyl-3,4-octadiene.  7,7-dimethyl-3,4-octadiene,  and  3,4-decadiene. 

2.  It  was  shown  that  in  the  spectra  of  all  the  3,4-dienes  with  the  exception  of  7,7-dimethyl- 3,4-octadiene. 
the  peak  with  the  maximum  intensity  was  at  mass  67  and  in  the  spectra  of  2,3-dienes,  at  mass  68.  In  the  case  of 
7.7-dimethyl-3.4-octadienc.  the  maximum  peak  corresponded  to  the  ion  C4Hg'’'.  In  all  cases,  the  second  maximum 
corresponded  to  the  ions  C3Hx^. 

3.  An  attempt  was  made  to  explain  the  origin  of  the  most  intense  ions  on  the  basis  of  the  structure  of  the 
starting  hydrocarbons. 

4.  To  confirm  the  mechanism  proposed  for  the  foimation  of  fragment  ions,  the  ionization  curves  and  ap¬ 
pearance  potentials  of  these  ions  were  investigated. 

5.  The  sensitivity  and  total  ionization  were  determined  for  all  the  allenes  investigated  and  it  was  shown 
that  in  this  case  the  total  ionization  depends  on  the  structure  of  the  hydrocarbon. 
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SYNTHETIC  STUDIES  OF  POLY  AC  ET  Y  LEN  IC  ALIPHATIC  ACIDS 
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September.  1960 
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The  synthesis  of  arachidonic  acid  [1,  2]  and  other  higher  polyacctylenic  aliphatic  acids  Involves  the  prep¬ 
aration  of  polyync  hydrocarbons  and  their  derivatives. 

We  synthesized  l-chloro-2,5-ut:decadiync  (I\0.2-(4'  ,7’-octadiynyl)-l  ,3-dioxolan  (vn),l,4,7-tridecatriyne 
(VIU),  ethyl  7-chlorohept)'n-5-oate  (X),  and  ethyl  eicosatetrayn-5,8,ll,l4-oate  (I). 


l!.^^,(CIl2)4^,sCM  -j-  ciciiiC^cciL^ci 
(11)  (111) 
.O-CIlj 

HC=C(Cn2)3(fn  I  -I-  IlrCHaCEHCli 

(V)  \0-Cll2  (VI) 


H3C(cn2)4C^ccn2C~ccM2Ci 

(IV) 

^O-Clla 

nc=ccn.2c=c(cii2)3cii 

(VII)  ^ 


o-Ih, 


NnC=CH 

(IV)  — n3C(CH2)4C~ccH2C=ccn2C=CH 


(VMI) 

RrCll2Cn2COOC.2n5-|-  (Ill)  — >  ClCll2C=C(Cll2)3COOC2H5 
(IX)  (X) 

(VIII)  +  (X)  — >  Il3C(CIl2)4C=CCll2C==CCIl2CH=CCIl2C  =  C(CIl2)3COOC2H5 

(I) 


From  1-heptync  (II)  [3,  4]  and  l,4-dichloro-2-butyne  (HI)  [5]  through  organomagnesium  compounds,  we 
obtained  l-chloro-2,5-undecadiync  (IV).  The  starting  materials  for  the  preparation  of  2-(4’,7'-octadiynyl)-l,3- 
dioxolan  (VII)  by  the  same  method  were  propargyl  bromide  (VI)  [6]  and  2-(4'-pentynyl)-l,3-dioxolan  (V)  [7]. 

From  l-chloro-2,5-undecadiyne  (W)and  sodium  acetylide  we  synthesized  1.4.7-tridccatriyne  (VIII).  Ethyl 
7-chloroheptyn-5-oate  (X)  was  obtained  by  the  reaction  of  ethyl  B -bromopropionate  (DC)  [8]  with  1,4-dichloro- 
2-butync  (III).  Condensation  of  1,4,7- tridecatriyne  (VIII)  with  ethyl  7-chlorohcptyn-5-oate  (X)  gave  ethyl  eicosa- 
tctra)aie-5.8,ll,14-oate  (I). 

It  should  be  noted  that  the  molecular  refraction  found  for  1,4, 7- tridecatriyne  (VIII)  was  higher  than  the 
theoretical  value,  which  is  characteristic  of  compounds  of  this  type  [9]. 


EXPERIMENTAL 

l-Chloro-2,5-dccadiyne  (IV).  Over  a  period  of  15  min,  15.5  g  of  1-heptync  (II)  was  added  to  the  ethyl- 
magnesium  bromide  from  3  g  of  magnesium  and  13.6  g  of  ethyl  bromide  in  250  ml  of  absolute  ether.  The  mix¬ 
ture  was  boiled  for  3  hr.  Then  1  g  of  cuprous  chloride  and  60  g  of  l,4-dichloro-2-butyne  (III)  were  added  and 
boiling  continued  for  8  hr.  The  reaction  mixture  was  cooled  at  18-20*  and  acidified  with  50  ml  of  2  N  hydro¬ 
chloric  acid,  the  ether  layer  separated,  and  the  substance  extracted  from  the  aqueous  layer  with  ether  (2  X  25  ml). 
The  combined  extracts  were  dried  with  sodium  sulfate.  After  removal  of  the  solvent,  the  residue  was  distilled. 

The  yield  was  9.64  g  (42,1%). 


2955 


B.p.  70-72*  (0.3  mm).  d^®4  0-98C8.  n^D  1.4913.  MRp  53.64.  CiiHisClFj-  Calculated  53.73. 

Found  C  72.37;  H  8.41.  CuIlisCl.  Calculated  %  C  72.33;  H  8.28. 

2-(4'.7'-Octadiynyl)-1.3-dioxolan  (VII).  Over  a  period  of  10  min,  4.1  g  of  2-(4’-pentynyl)-l,3-dioxolan 
(V)  was  added  to  the  ethylmagnesium  bromide  from  0.608  g  of  magnesium  and  2.8  g  of  ethyl  bromide  in  100  ml 
of  absolute  ether.  The  mixture  was  boiled  for  2  hr,  0.5  g  of  cuprous  chloride  and  3.2  g  of  propargyl  bromide  (VI) 
were  added,  heating  was  continued  for  10  hr.  the  mixture  eoolcd  to  18-20*.  and  the  precipitate  separated.  After 
evaporation  of  the  solvent,  the  residue  was  distilled.  The  yield  was  1.1  g  (24.6%). 

B.p,  79-80*  (0.5  mm),  d”^  0.9908,  n^D  1.4730.  MR^  50.40.  CuH^Oj^.  Calculated  49.95. 

Found  %  C.  73.93;  H  8.10.  CUH14O2.  Calculated  %.  C  74.13;  H  7.92. 

1,4.7- Tridecatriyne  (Vni).  Over  a  period  of  10  min.  8.6  g  of  l-chloro-2,5-undecadiyne  (IV)  was  added 
to  the  sodium  acetylide  from  1.3  g  of  sodium  and  excess  acetylene  in  300  ml  of  liquid  ammonia.  The  reaction 
mixture  was  stirred  for  5  lu:  and  left  at  18-20"  for  12  hr.  Then  100  ml  of  ether  and  30  ml  of  water  were  added, 
the  ether  layer  was  separated,  and  the  substance  extracted  from  the  aqueous  layer  with  ether  (2  X  25  ml).  The  com¬ 
bined  ether  extracts  were  dried  with  sodium  sulfate.  After  removal  of  the  solvent,  the  residue  was  distilled.  The 
yield  was  4.15  g  (51.2%). 

B.p.  56- 57* (0.5  mm).  d^'’4  0.8411.  n^D  1.5310.  MR^  63.37.  C13H16  ^3.  Calculated  56.04. 

Found  %  C  91.08;  H  9.40.  CisHig-  Calculated  %  C  90.70;  H  9.30. 

Ethyl  7-chloroheptyn- 5-oate  (X).  A  mixture  of  6.8  g  of  ethyl  B -bromopropionate  (DC),  10.5  g  of  1,4- 
dichloro-2-butyne  (III),  4  g  of  activated  zinc  [10],  and  100  ml  of  dry  benzene  was  boiled  for  4  hr.  The  reaction 
mixture  was  cooled  to  18-20*  and  acidified  with  20  ml  of  1  N  hydrochloric  acid,  the  benzene  layer  separated, 
and  the  substance  extracted  from  the  aqueous  layer  with  ether  (2  X  20  ml).  The  combined  extracts  were  dried 
with  sodium  sulfate.  After  removal  of  the  solvent,  the  residue  was  distilled.  The  yield  was  0.3  g  (5.75%). 

B.p.  70-72*  (0.4  mm).  d^°4  1.2042,  n^°D  1.5262.  MRp  48.06.  C9H13O2CIF.  Calculated  48.22. 

Found  %  C  56.80;  II  6.52.  C9H13O2CI.  Calculated  %c  C  57.33;  H  6.95. 

Ethyl  eicosatetrayn-5,8,ll,14-oatc  (I).  A  mixture  of  1.3  g  of  1,4.7-tridecatriyne  (VIII)  and  0.148  g  of 
sodium  in  100  ml  of  absolute  ether  was  boiled  for  2  hr.  Then  1.26  g  of  ethyl  7-chlorohcptyn- 5-oate  (X)  was 
added  and  boiling  continued  for  a  further  2  hr.  The  reaction  mixture  was  cooled  to  18-20*  and  the  precipitate 
separated.  After  removal  of  the  solvent,  the  residue  was  distilled.  The  b.p.  was  138-140*  (0.5  mm). 

Found  %  C  81.02;  H  8.76.  CjzHzsOz-  Calculated  %:  C  81.43;  H  8.70. 

SUMMARY 

We  synthesized  l-chloro-2,5-undecadiyne.  2-(4’,7’-octadiynyl)-1.3-dioxolan.  1,4,7- tridecatriyne.  ethyl 
7- chlorohept^Ti- 5-oate,  and  ethyl  eicosatetrayn-5,8,ll,14-oate,  which  are  the  basic  compounds  for  the  prepara¬ 
tion  of  arachidonic  and  other  polyacetylenic  acids. 
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It  seemed  interesting  to  supplement  the  scries  of  additions  of  lower  saturated  monobasic  acids  to  various 
monosubstituted  acetylenes  we  studied  [1,  2]  by  the  addition  of  acetic,  propionic,  and  butyric  acids  to  p-nitro- 
phcnvlacctvlene  in  order  to  study  the  effect  of  the  nitro  '.’roup  on  the  order  of  addition  of  acids  to  the  triple  bond. 
Considering  the  negative  inductive  effect  and  the  conjugation  effect  of  the  nitro  group,  it  was  to  be  expected  that 
the  order  of  addition  of  acids  in  this  case  would  be  the  reverse  of  that  for  phenylacetyicne  and  would  form  mono¬ 
substituted  a-csters  and  not  6  -esters  as  was  observed  previously.  If  it  were  possible  to  obtain  a-vinyl  esters  by 
tile  addition,  then  this  reaction  would  serve  as  a  method  for  synthesizing  them. 

For  this  purpose,  we  synthesized  p-nitrophcnylacctylcne  [3]  and  carried  out  the  reaction  with  acetic,  propionic, 
and  butyric  acids  under  the  conditions  we  described  in  previous  work  [1,  2]. 

In  all  experiments,  the  addition  of  acids  to  p-nitroplicnylacetylene  yielded  the  same  ketone,  namely,  p- 
nitroacctoplienone  (I)  and  its  dirner  diniirodypnonc  (II). 

p0.2N-CclU-C=C:il 


p.02N-C6n4-CO-CH3 

(I) 


p-02N-Cnn4-C--=ClI-C0-CfiH4-N02-P 


Gil.-, 

(H) 


The  formation  of  the  corresponding  ketones  simultaneously  t.’ith  6 -vinyl  esters  was  observed  in  all  previous 
work  [1.  2]  and  it  was  shown  that  ketones  are  the  products  of  further  conversions  of  6  -  vinyl  esters.  It  is  to  be  as¬ 
sumed  that  in  this  case  the  p-nitroacetophenone  could  have  been  formed  through  the  6  -  vinyl  ester  [4],  which,  how 
ever,  could  not  be  isolated  in  any  of  the  experiments. 


OoN-CcH4-C=CH2 


02N-C«M4-C=C1I 


JtCOOH 


(IM) 


ocon  - 


UCOOH 


CH3 

I 

— *  0,N— CpHi-C-OCOR  (UCOjoOH  (I) 

I 

ocon 


The  formation  of  the  ketone  by  the  action  of  acids  on  p-nitrophenvlacetylene  indicates  that  the  addition 
of  acids  leads  to  the  fomiation  of  8 -vinyl  esters  [for  example,  2-acetoxy-2-(p-nitrophenyl)-l-ethene  (HI)]  as 


•  Deceased  . 
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if  O' vinyl  esters  [for  example,  l-acetoxy-2-(p-nitrophenyl)-l-ethene]  were  formed,  the  corresponding  aldehyde 
should  be  obtained.  The  mechanism  of  formation  of  3  -  vinyl  esters  is  analogous  to  that  described  in  previous 
work  [1]  and  in  this  case,  the  nitro  group  evidently  does  not  have  any  effect  on  the  direction  of  addition  of  acids 
to  the  triple  bond.  In  addition  to  p-nitroacetophenone.  in  all  experiments  we  isolated  its  dimer  (II).  which  could 
have  been  formed  by  autocondensation,  analogous  to  the  formation  of  dypnone  from  acetophenone  [5]. 

EXPERIMENTAL 

The  starting  p-nitrophenylacetylene  was  synthesized  from  ciimamic  acid  by  a  method  described  in  the 
literature  [3]  with  slight  changes. 

Action  of  acetic  acid  on  p-nitrophenylacetylcnc.  A  1  g  sample  of  mercuric  oxide  was  dissolved  in  a  mix¬ 
ture  of  12  g  of  glacial  acetic  acid  and  10  g  of  acetic  anhydride.  With  cooling,  1  ml  of  boron  trifluoride  etherate 
[(C2H5)20]BF3  and  5  g  of  p-nitrophenylacetylene  with  m.p,  153*  were  added  to  the  solution.  The  reaction  mix¬ 
ture  was  boiled  for  10  hr.  cooled,  diluted  with  ether,  and  made  weakly  alkaline  with  sodium  carbonate.  Removal 
of  the  ether  yielded  3.2  g  of  a  crude  product,  which  was  recrystallized  from  alcohol.  We  Isolated  two  fractions, 
each  of  which  was  recrystallized  twice  from  a  mixture  of  ligroin  and  benzene:  the  first  fraction  had  m.p.  80-81* 

(0.9  g.  IG^o)  and  the  second  fraction  had  m.p.  151-152*  (0.35  g,  3.57o). 

According  to  properties  and  analysis  data,  the  substance  with  m.p,  80-81"  corresponded  to  p-nitroaceto- 
phenonc  described  in  the  literature  [6]. 

The  semicarbazonc  of  p-nitroacctophenone  was  prepared  from  1,01  g  of  ketone  in  the  usual  way.  We  isolated 

l. 03  g  (95.3%)  of  semicarbazonc  with  m.p,  234-235*  (from  alcohol). 

Found  %  N  25.29.  25.20.  C9H10O3N4.  Calculated  %:  N  25.21. 

The  oxime  had  m.p.  169-170"  [8].  The  phenylhydrazone  had  m.p,  131-132*  [9]. 

The  substance  with  m.p.  151-152*  was  found  to  be  the  condensation  product  of  p-nitroacetophenone.  namely, 
dinitrodypnone  [7]. 

Found  %  C  61.93,  61.78;  H  4.11,  4.18;  N  8.98.  8.88.  M  299.  CieHisOgNj.  Calculated  %  C  61.53;  H  3.84; 

N  8.97.  M  312. 

Semicarbazonc  of  dinitrodypnone.  From  0.3  g  of  diketonc,  we  obtained  0.32  g  of  semicarbazonc  with 

m. p.  223-224*  (from  alcohol). 

Found  %:  N  19.98,  19.87.  Calculated  %  N  19.96. 

Action  of  propionic  acid  on  p-nitrophenylacctyUmc.  To  1  g  of  mercuric  oxide,  dissolved  in  30  g  of  propionic 
acid,  was  added  1  ml  of  the  catalyst  [(C2H5)20jl3F3  at  room  temperature  and  then  5  g  of  p-nitrophenylacetylcnc  was 
added  in  small  portions  with  heating.  The  reaction  mixture  was  heated  for  5  hr.  The  reaction  products  were  diluted 
with  ether  and  made  weakly  alkaline  with  sodium  carbonate.  Removal  of  the  ether  yielded  2.5  g  of  crude  product, 
which  was  recrystallized  from  alcohol.  We  isolated  two  fractions,  each  of  which  was  recrystallized  twice  from  a 
mixture  of  ligroin  and  benzene. 

We  obtained  0.75  g  (13%)  of  p-nitroacetophenonc  with  m.p.  80-81"  and  0.25  g  (2.5%)  of  dinitrodypnone 
with  m.p.  151-152".  Neither  of  the  substances  depressed  the  melting  points  of  the  substances  obtained  in  the 
previous  experiment. 

Action  of  butyric  acid  on  p-nitrophcnylacetylcnc.  A  1.25  g  sample  of  mercuric  oxide  was  dissolved  in 
45  ml  of  butyric  acid.  To  the  solution  was  added  1.5  ml  of  boron  trifluoridc  etherate [(C2H5)201BF3  and  then 
8  g  of  p-nitrophenylacetylcnc  with  m.p.  152-153"  was  introduced  in  small  portions.  The  reaction  mixture  was 
heated  carefully  for  4  hr.  Strong  tar  formation  was  observed.  The  mixture  was  then  treated  as  in  the  previous 
experiments.  We  isolated  3.2  g  of  crude  product.  Rccrystallization  from  alcohol  yielded  two  fractions,  each  of 
which  was  recrystallized  from  a  mixture  of  ligroin  and  benzene.  The  first  fraction  had  m.p.  80-81"  (1.0  g,  17.8%’) 
and  was  p-nitioacetophenone.  The  second  fraction  had  m.p.  151-152"  (0.22  g.  2.2%’)  and  was  dinitrodypnone. 
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SUM  MARY 


1.  The  action  of  acetic,  propionic,  and  but)Tic  acids  on  p-nitrophenylacetylene  yielded  p-nitroacetophe- 
none,  which  indicates  the  formation  of  0- vinyl  esters  during  the  reaction,  and  dinitrodypnone. 

2.  No  0  -  vinyl  esters  were  isolated  as  a  result  of  their  low  stability. 
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Original  article  submitted  October  2,  1959 


That  it  is  possible  to  dehydrogenate  silicohydrocarbons  catalytically  has  previously  been  demonstrated  with 
trimethylbutylsilane  [2].  The  object  of  the  present  work  was  to  obtain  comparative  data  on  the  dehydrogenation 
of  silicohydrocarbons  having  the  general  formula  (CH3)3SiR  (in  our  work.  R  =  C3H7,  C4H9  and  C6Hj,3).  The  experi¬ 
ments  were  carried  out  with  the  catalyst  used  in  our  previous  work  [21.*  *  • 

It  is  interesting  to  note  that  when  tctraethylsilane  was  passed  over  this  catalyst  at  500-600“  and  a  space  rate 
of  30.  there  was  no  dehydrogenation  at  all  (the  thiocyanogen  number  of  the  condensates  was  0.1-0. 2).  The  con¬ 
densates  from  the  experiments  contained,  in  addition  .to  unchanged  tetra^^thylsilane,  iriethylsilane  and  diethyl- 
silane,  which  were  formed  as  a  result  of  cleavage  of  ethylene  (Table  1).  The  gaseous  reaction  products  contained 
hydrogen,  saturated  hydrocarbons,  and  etliylcne,  which  confirms  the  following  scheme  for  the  conversion  of  tetra- 
ethylsilanc; 

(CofIshSi  — (ColU^Sill -f  C2M1 

i  I - ^  (CoIisjoSill.  + 

2112 4C2H4 Si  ^ - *■  CH4 C 

In  contrast  to  tctraethylsilane,  which  has  a  s)Tnmetrical  structure  with  very  stable  ethyl  radicals,  silanes 
of  the  series  (CH3)3SiR  can  undergo  dehydrogenation  over  the  catalyst  indicated  above.  The  data  of  Table  2  show 
that  the  highest  yields  of  silicoolefin  (8-10%  per  pass  based  on  the  silane  fed)  from  the  dehydrogenation  of  trimeth- 
ylbutylsilanc  were  obtained  at  560-570*  and  a  space  rate  of  45.  The  condensate  contained  21.9%  unsaturated  silico- 
hydrocarbon  after  the  third  pass.  Dehydrogenation  of  trimethylpropylsilanc  under  similar  conditions  (Table  3)  gave 
a  yield  of  silicoolefin  of  9% per  pass  based  on  the  silane  charged;  this  is  equivalent  to  63% of  the  silane  reacted. 

The  condensate  contained  21.1% silicoolefin  after  the  third  pass.  At  temperatures  above  570*.  the  catalyst  promoted 
reactions  involving  rupture  ofC“C  and  C-Sibonds. 

(CH3)3SiCH2jCIl2Cll3  {CH3)4Si  -I- C2H4 
(0113)381 1  CH2CII2CH3  — >  (0113)38111  4-  O3H8 
(0113)481  -f  H2  —  (0113)38111  I-  OH4 


•For  Communications  I  and  II  see  references  [1,  2]. 

•  •Deceased. 

•  •  •Given  to  us  by  Yu.  A.  Gorin  and  S.  M.  Monozon. 
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TABLE  1 

Thermal  Catalytic  Conversion  of  Tetraethvlsilanc 


Temper¬ 

ature 

Condensate  i 
yield  ("/oof  , 
silane 

charged)  j 

Yield  of  reaction  products  based  1 
on  distillation  (^oof  silane  charged  )j 

Content  in  gas  of  (invol.‘7o) 

diethyl- { 
silane 

tricthyl-  j 
silane"  j 

unrt  acted 
tetraethyl- 
silane 

c,n. 

H, 

j 

CH4 

500° 

90.0 

0.0 

5.8 

66.0 

27.0 

10.0 

56.1 

5.^5 

86.0 

1 .5 

24.1 

52.5 

51.0 

.  15.0 

27.0 

55')  ! 

76.0 

1.6 

18.6 

39.0 

49.0 

24.0 

26.2 

58') 

70.3 

3.0 

17.5 

30.2 

52.0 

30.0 

18.3 

6U0 

60.3 

2.4 

22.2 

31.2 

23.0 

14.6 

35.0 

TABLE  2 


Dehydrogenation  of  Trimethylbutylsilane 


Temperaiuie 

1 

Space  1 
rate  , 

_ J 

Condensate  | 
yield  ("/oof  j 
silane  j 

charged)  | 

Thiocyano¬ 
gen  nurnber 
of  conden-  . 
sate  _ ! 

Content  of 
(CH3)3SiC.iHj 
in  condensate 

_ _ I 

Yield  of 
:  (CH3)3SiC4H7 
;  ("/o  of  silane  (;harge( 

575® 

2(t 

40.7 

31.5 

15.1 

6.1 

575 

30 

42.fl 

35.5 

17.4  . 

7.8 

575 

45 

75.0 

21.5 

12.3 

9.2 

575 

GO 

(iG.O 

13.9 

7.0 

4.7 

5.50 

h  fj 

75.0 

17.0  ! 

8.6 

6.4 

560 

45 

79.0 

20.1 

10.3 

7.9 

570 

45 

83.0 

24.8 

12.1 

10.0 

585 

45 

69.0 

28.9 

14.9 

10.2 

600 

45 

23,3 

32.0 

41.4 

9.1 

Recycle  experiments 

570 

45 

7(t.7 

1  20.1 

10.1 

7.2  (1st  pass) 

570 

45 

71 .8 

1  28.9 

14  9 

1 1 .9  (2nd  pass) 

570 

45 

69.2 

1  13.1 

21.9 

17.6  (3rd  pass) 

Since  the  boilLng  point  of  the  silicoolefin  is  close  to  tliat  of  the  original  trimethylpropylsilane,  separation 
of  the  dehydrogenation  product  proved  to  be  a  ^ery  difficult  problem. 

A  fraction  boiling  at  84.0-84.5°  and  containing  9l.l7o silicoolefin  (according  to  thiocyanogen  number)  was 
separated  by  repeated  fractionation  in  a  fractionating  column  having  an  efficiency  of  30  theoretical  plates.  Raman 
spectra  were  obtained  for  the  fractions  enriched  with  silicoolefins.  There  were  tliree  lines  characteristic  of  double 
bonds:  an  intense  line  at  1596  (6)  cm'^  and  very  weak  lines  at  1610  (0)  and  1638  (0)  cm’^.  The  presence  of  these 
tliree  lines  can  probably  be  explained  by  the  presence  of  (CH3)3SiC3H5  isomers  in  which  the  position  of  the  double 
bond  with  respect  to  the  silicon  atom  differs:  (CH3)3SiCH  =  CHCH3  (cis-  and  trans-trimethylpropenylsilanes)  and 
(CH3)3SiCH2CH  =  CHj  (trimcthylallylsilanc).  The  literature  reports  a  characteristic  frequency  of  1623  (5)  or 
1625  (5)  cm‘^  [3,  4J  and  a  frequency  of  1630  (5)  cm'^  for  the  double  bond  in  trimethylallylsilane  [4,  5].  We  feel 
that  the  product  obtained  from  the  dehydrogenation  of  triricthylpropylsilane,  like  that  obtained  from  trimethyl¬ 
butylsilane  [2],  consists  chiefly  of  the  silicoolefin  isomer  in  which  the  double  bond  is  alpha  to  the  silicon  atom. 
This  conclusion  is  confirmed  b>  the  presence  in  our  spectrum  of  a  frequency  at  3050  cm‘^,  which  is  characteristic 
of  the  antisymmetric  vibration  of  the  C“H  in  a  =  CH~  group  alpha  to  a  silicon  atom;  the  conclusion  is  also 
supported  by  the  absence  of  a  frequency  at  3080  cm'^,  which  is  characteristic  of  compounds  with  a  =CH2  at  the 
end  of  a  chain. 
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TABLE  3 

Dehydrogenation  of  Trimcthylpropylsilane 


V 

V 

a. 

E 

u 

Space  rate 

Condensate 
yield  (%of 
silane  charged 

Thiocyanogen 

number 

■St 

Pj 

c  ^  c 

Yield  of 
(CHa'/sSiCaHs 
fm  vol.%) 

Composition  of  gas 
(in  vol.  %) 

Yield  (in  %  of 
silane  charged 

'V  — 

TJ 

.2  CG 

— <  t-l 

«>  rt 

.  x: 
o  y 

(U 

C 

rj  V 

o 

1 

X 

S 

e 

a 

R 

u 

e 

a 

c 

ta 

500° 

30 

93.0 

5.3 

2.4 

2.2 

30.2 

2.0 

5.5 

76.0 

0.1 

1.7 

5J0 

30 

92.8 

1.3.5 

6.4 

5.6 

92.6 

16.0 

14.0 

35.1 

1.4 

7.1 

5i0 

30 

86.2 

17.8 

8.0 

6.6 

42.0 

28.1 

7.0 

60.0 

3.0 

3.3 

560 

30 

85.0 

23.0 

10.3 

8.7 

63.0 

50.0 

10.7 

38.0 

8.0 

9.0 

580 

30 

.58.2 

.34.7 

1.5.6 

9.1 

24.0 

56.2 

12.0 

36.0 

16.8 

2.0 

600 

30 

38.  i 

39.8 

17.4 

6.6 

11.8 

32.0 

22.0 

44.0 

10.0 

6.0 

560 

100 

92.0 

11.2 

4.9 

4.5 

60.0 

19.1 

4.5 

65.0 

0.1 

0.6 

560 

60 

81.9 

20.0 

8.1 

6.9 

65.1 

34.9 

10.5 

51.0 

5.0 

8.0 

560 

45 

87.0 

23.4 

10.5 

9.1 

92,0 

55.0 

13.0 

72.0 

5.2 

8.5 

560 

20 

70.7 

28.0 

12.6 

8.9 

33.4 

41.0 

12.0 

46.0 

9.9 

16.0 

Recycle  experiments 


560 

45 

90.1 

21.5 

9.6 

8.1  (1st  pass) 

560 

45 

87.0 

33.0 

14.8 

(2nd  pass) 

560 

45 

79.3 

48.2 

21.1 

19.0  (3rd  pass) 

TABLE  4 


Dehydrogenation  of  Trimethylhexylsilanc 


Temperature 

- - - 

Space  rate 

Yield  of  conden¬ 
sate  (in%  of 
silane  charged) 

•  c 

VJ  «MO  c 

u-t  ►^r-l 

(J  w> 

(DT5  C  o  rj 
c  o  x: 

m  -Oyi  o 

Thiocyanogen 
number  of  con¬ 
densate 

C  1 

.  «o  o  ^ 

OU  = 
c  W  O 

of]  ^  ci.2iy22 
u  .S  c:.'  CO  « 

Composition  of 
gas  (in  vol.  %) 

Yield  (in% 
of  silane 
charged 

c 

U 

CM 

X 

1 

CM 

X 

500° 

45 

93.0 

14.3 

8.5 

4.3 

4.0 

22.5 

6.2 

68.5 

1.7 

2.0 

520 

45 

90.4 

22.5 

9.0 

4.2 

3.8 

29.0 

5.5 

50.0 

2.1 

1.8 

540 

45 

90.0 

22.4 

12.2 

7.5 

6.7 

38.0 

10.0 

47.7 

6.2 

9.2 

550 

45 

80.3 

2.5.1 

16.1 

7.3 

5.8 

.39.1 

6.1 

47.2 

6.9 

8.5 

560 

45 

76.9 

33.0 

16.7 

6.8 

5.2 

36.5 

5.2 

52.5 

10.0 

7.2 

580 

45 

66.1 

33.0 

22.3 

10.5 

4.6 

38.2 

8.3 

50.0 

26.0 

2.5 

540 

60 

92.7 

21.5 

10.4 

4.9 

4.5 

44.2 

3.2 

40.5 

3.5 

1.5 

540 

30 

86.9 

21.5 

13.1 

6.1 

4.7 

40.1 

4.7 

50.0 

7.1 

3.0 

540 

20 

83.5 

23.0 

16.1 

4.5 

3.7 

47.3 

5.0 

9.1 

9.1 

3.9 

The  absence  from  the  reaction  product  of  appreciable  amounts  of  the  beta  isomer  of  the  silicoolefin  is 
further  confirmed  by  the  results  of  an  investigation  of  the  kinetics  of  rhiocyanation  of  the  condensates  and  by  the 
preparation  of  the  stable  dibromide  of  the  trimethylpropenylsilane  in  good  yield'  It  is  knovm  [3]  that  the  addition 
of  thiocyanogen  to  trimethylallylsilanc  is  almost  complete  in  5  min,  while  the  addition  of  ihiocyanogen  to  tri¬ 
methylpropenylsilane  is  only  42% complete  in  the  same  length  of  time-  Our  condensates  added  43.2% of  the  cal¬ 
culated  amount  of  thiocyanogen  in  5  min;  complete  addition  of  thiocyanogen  took  place  only  over  a  period  of 
days.  The  dibromide  was  prepared  by  slow  addition  of  a  solution  of  bromine  in  chloroform  to  our  silicoolefin; 
the  reaction  mixture  was  cooled  externally  v;ith  ice.  It  is  known  that  trimethylallylsilanc  does  not  give  a  stable 
dibromide  [6]. 
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TABLE  5 


Tetraalkybilanes 


Belling  point 

:o 

d 

Yield  (i 

Name 

found  j 

lit.  value 

found  1 

lit.  value 

1 

found 

lit.  value 

°Io  of  th( 
etical) 

Tetraethylsilane  [7] 
Trimetiiylpropyl 
silane  [8j 

152.2<^ 

1.426.1 

1.426,8 

0.7663 

0.76.57 

80 

89-91 

90 

l.:i9;50 

1  ..3929 

0.7020 

0.7020 

80 

Trimcthylbutyl- 
silanc  [8] 

114-1  If. 

115 

1.4030 

i.ioao 

0.7175 

0.7181 

80 

Trimethylhexyl¬ 
silane  [8] 

160-162 

16.1 

1.4150 

1.4154 

0.7419 

0.7422 

65 

TABLE  6 


Subst.ince 

Boiling  point 

1 

1 

84-  34., 5’  fracticn 

84-84.5° 

0.7145 

1.40.30 

Trim.ithy]a]lylsil.''ne 

83.3 

0.7188 

1.406S 

Trimethylpropeiiylsilane 

86.2-86.5 

0.7162 

1.4065 

Optimum  conditions  for  the  dehydrogenation  of  trimethylhexylsilane  (Table  4)  proved  to  be  a  tem¬ 
perature  of  540’  and  a  space  rate  of  45.  The  decrease  m  optimum  temperature  by  20-30’  (as  compared  to  the 
optimum  condition  for  dehydrogenation  of  trimethylpropyl-  and  trutiethylbutylsilane)  is  probably  associated  with 
the  relative  case  of  dehydrogenation  of  the  hexyl  radical.  However,  decomposition  reactions  were  more  highly 
developed  in  the  case  of  trimethylhexylsilane.  since  the  thermal  stability  of  this  silane  is  significantly  less  than 
the  stability  of  silicohydrocarbons  with  short  chains.  For  this  reason,  olefin  yields  (particularly  of  amylenes  and 
hexenes,  which  were  present  in  the  lower- boiling  fractions  of  the  condensates)  were  higher,  and  there  was  some 
decrease  in  the  silicoolefin  content  of  the  condensates.  Raman  spectra  were  obtained  for  the  fractions  rich  in 
trimethylhexenylsiL'^nes.  The  spectra  contained  a  series  of  lines  corresponding  to  double  bond  frequencies  and 
forming  a  broad  line  at  1554-1578  cm'^.  Broadening  of  the  line  by  24  cm'^  is  apparently  due  to  the  pieseiice 
of  different  (CIl3)3SiCgHii  isomers.  It  is  possible  that  in  this  case  the  beta  and  gamma  isomers  were  formed  in 
addition  to  the  alpha  isomer;  the  double  bond  is  somewhat  removed  from  the  end  of  the  molecule  in  the  former 
two  isomers.  Under  high  temperature  conditions,  these  three  isomers  might  well  aiffer  somewhat  in  stability. 

EX  PERIMENTAL 

Synthesis  of  the  original  tetraalkylsilanes.  The  tetraalkylsilanes  were  prepared  by  the  method  described 
in  references  [7J  .  Trimethylpropylsilane.  irimethylbutylsilane.  and  trimethylhexylsilane  were  prepared  by  the 
interaction  of  trimethylchlorosilane  with  the  corresponding  Grignard  reagent.  The  yields  and  properties  of  these 
tetraalkylsilanes  arc  presented  in  Table  5. 

Experiments  with  Tctracthylsilanc 

Distillation  of  the  condensates  and  redirtillation  of  the  resulting  fractions  in  a  fractionation  column  with 
an  efficiency  of  20  theoretical  plates  gave  the  following  fractions;  first  fraction.  53-57’;  second  fraction.  57-107*; 
third  fraction,  107-110’;  fourth  fraction.  110-152*;  fifth  fraction,  152-153’.  The  first  fraction  was  pure  diethyl- 
'  silane  (n^'^D  1.3918).  Literature  data  [9]:  b.p.  55-57’;  n^®U  1.3918.  The  third  fraction  was  pure  triethylsiLane 
(d^®4  0.7318,  n^D  1.4120).  i.itcraturc  data  [10];  b.p.  107*.  0.7302.  n^D  1.4117.  The  second  and  fourth  frac¬ 

tions  were  intermediate  cuts.  The  fifth  fraction  was  unreacted  tetraethylsilane  (d^®^  0.7649,  n^®D  1.4263). 
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TABLE  7 


Substance 

Boiling 

point 

d,** 

% 

Br 

j  found 

calc. 

Fourth  fraction 

1.3:1-1:15'’ 

2.010 

1..52.S.5 

81.5.  81.0 

1,2-Dibromocthane  [13] 

i:n.5  ' 

2.176 

1..5  80 

— 

8.1.1 

Seventh  fraction 

1.39-141 

1.9:17 

1.5  J01 

78.8,  79.2 

— 

1.2-Dibromopropane  [13] 

141.0  j 

1 

1.93.3 

1.520.3 

79.2 

TABLE  8 


Substance 

Boiling  point 

n^^D 

Third  fraction 

35-38° 

1.3720 

1-Pentenc  [14] 

30 

1.3715 

2-Pentene  (trans)  [14] 

36.4 

1.3793 

2-Pentenc  (cis)[14] 

37.1 

1.3830 

Fifth  fraction 

63-68 

1.3854 

1- Hexene  [14] 

63.5 

1.3879 

2-Hexcnc  (cis)  [14] 

68.6 

1.3954 

2-Hexenc  (trans)  [14] 

67.8 

1.3935 

3-Hexcnc  (cis)  [14] 

67.6 

1.3934 

3-Hexcne  (trans)  [14] 

66.9 

1.3938 

Experiments  with  Trimethylpropylsilane 

The  condensates  from  all  of  the  experiments  were  combined  and  distilled  in  a  fractionation  column  having 
an  efficiency  of  30  theoretical  plates.  The  following  fractions  were  collected;  first  fraction,  20-27°;  second  frac¬ 
tion,  43-68°;  third  fraction,  77-88°;  fourth  fraction,  89-89.5°.  The  first  fraction  was  pure  tetramethylsilanc 
(d^®4  0.6698;  n^'^D  1.3590).  Literature  data  [11]:  b  p.  26.5°,  d^’’^  0.6688,  n^°D  1.3591).  The  second  fraction  was 
an  intermediate  cut.  The  third  fraction  contained  a  considerable  amount  of  silicoolefin  togetlier  with  unreacted 
trimethylpropylsilane.  Repeated  distillation  of  this  fraction  gave  a  fraction  boiling  at  84-84,5°  (which  contained 
91.1*70 silicoolefin,  according  to  the  thiocyanogen  number).  The  constants  of  the  84-84.5°  fraction  are  compared 
with  the  properties  of  the  a-  and  S* isomeric  silicoolefin  [4J  in  Table  6.  The  fourth  fraction  was  unreacted  tri¬ 
methylpropylsilane  (n^'^D  1.3930). 

Bromination  of  the  gas  from  the  experiments  and  subsequent  distillation  of  the  bromination  products  gave 
the  following  fractions:  first  fraction,  82-84°;  second  fraction,  100-130°;  third  fraction,  130-133°  (n^'^D  1.5223); 
fourth  fraction,  133-135°  (n^^D  1.5275),  fifth  fraction,  135-137°  (n’°D  1.5230);  sixth  fraction.  137-139°  (n^^D 
1.5208);  seventh  fraction.  139-141°  (n'^^D  1.5201).  The  first  fraction,  which  contained  trimethylbromosilane-tlie 
product  of  the  bromination  of  trimethylsilane~  was  treated  in  ether  solution  with  1  N  NaOH.  After  purification, 
the  resulting  product  had  a  b.p.  99-101°,  d^4  0.7979  and  n^^D  1.3860;  this  was  trimcthylsilanol  containing  a  small 
amount  of  hexamethyldisiloxanc.  Literature  values  for  trimcthylsilanol  [12];  b.p.  100°;  d^'’4  0.8112.  n^'^l)  1.3880; 
for  hexamethyldisiloxanc:  b  p.  100°,  d^*’4  0.7638,  it'^D  1.3722.  The  second  fraction  was  an  intermediate  cut.  Tlie 
third  to  sixth  fractions  contained  1.2-dibromoethane  and  1.2-dibromopropanc,  the  fourth  fraction  being  significant¬ 
ly  enriched  in  the  first  dibromide  (Table  7).  The  seventh  fraction  was  pure  1,2-dibroinopropanc  (Table  7). 
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Tlic  dibromidc  of  trirncthylpropcnylsilane  (l-trimcthyIsilyl-1.2-dibromopropane)  was  prepared  from  the 
fraction  boiling  at  77-88"  by  the  slow  addition  of  an  0.6  N  solution  of  bromine  in  chloroform;  the  reaction  mix¬ 
ture  was  stirred  and  cooled  externally  with  ice  during  the  addition.  After  purification,  the  product  had  the  prop¬ 
erties  cited  below: 

B.p.  78"  (8  mm),  d^'’^  1.5391,  n^V)  1.609-1,  MRp  58.39;  calc.  58.74. 

Found  Br  60.0,  CO.l.  C6Hi,,Br2Si.  Calculated  Br  00.1. 

F  X  p  e  r  i  m  e  n  t  s  with  T  r  i  m  e  t  h  y  1  h  e  x  y  1  s  i  1  a  n  c 

The  condensates  from  these  experiments  were  distilled  in  a  fractionating  column  having  an  efficiency  of 
30  theoretical  plates;  the  following  fractions  were  collected:  first  fraction,  26-27";  second  fraction.  27-35";  third 
fraction.  35-38";  fourth  fraction,  38-63";  fifth  fraction.  63-68";  sixth  fraction.  68-150";  seventh  fraction,  150-162"; 
eighth  fraction,  163":  and  the  residue.  The  first  fraction  was  pure  tetramethylsilane  (d^*’4  0.6671,  n^D  1.3603). 

The  Second,  fourth,  and  sixth  fractions  were  intermediate  cuts.  The  third  fraction  contained  amylcnes  (Table  8). 

The  fifth  fraction  contained  hexenes.  Table  8  compares  the  properties  of  this  fraction  with  those  of  the 
isomeric  hexenes.  Bromination  of  the  fraction  gave  a  dibromidc  with  a  b.p.  of  84-87"  (20  mm).  d^4  1.5946  and 
n^^’n  1.5031.  Literature  values  for  1,2-dibromohcxanc  [15]:  b.p.  87°  (16  mm);  d^4  1.692,  n^D  1.5012.  The 
seventh  fraction  was  distilled  several  times.  This  gave  a  fraction  boiling  at  154-155",  which  was  much  enriched 
in  the  isomeric  trimethylhcxenylsilancs:  d^'’4  0.7548,  n^D  1.4232.  Literature  values  for  1-trimethylsilyl- 5-hcxenc 
[9]:  b.p.  158-159"  (750  mm);  0.7566.  1.4246;  for  cis- l-trinic-thylsilyl- 1-hexcne  [17]:  b.p.  G0"(20  mm); 

n^'^D  1.4273.  The  eighth  fraction  was  unrcacted  trimetliylhcxylsilane  (n^^D  1.4150).  The  residue,  which  amounted 
to  5- 77'’ of  the  weight  of  the  condensates,  contained  unrcacted  original  silane. 

Bromination  of  the  gas  from  the  experiments.  Distillation  of  the  bromination  products  gave  »^he  following 
fractions:  First  fraction,  80  84";  second  fraction,  100-131";  third  fraction,  131-135"  (n'^’o  1,5275,  d^4  2,0586); 
fourth  fraction.  135-137"  (n^’^D  1.5278't;  fifth  fraction.  137-138"  (n^®D  1.5265);  sixth  fraction.  138-140"  (n^D  1.5249); 
seventh  fraction,  140-143"  (n^^D  1.5227);  eighth  fraction.  143-145"  (n^'^D  1  5202,  d^'^4  1.9428),  ninth  fraction.  145- 
155"  (n^^’D  1.5171);  tcntli  fraction.  155-171"  (n^^D  1.5139,  d^°4  1.8441);  eleventh  fraction.  171-180*  (n^D  1.5150). 
The  first  fraction,  irimethylbromosilanc.  was  converted  by  treatment  with  a  base  to  trimethylsilanol  with  b.p.  of 
99-100",  d^'’4  0.8113  and  n^D  1.3878.  The  second  fraction  was  an  intermediate  cut.  The  third  to  eleventh  frac¬ 
tions  was  a  mixture  of  dibromidcs  obtained  from  elliylene.  propylene,  and  butenes.  Literature  values  for  1,2-di- 
bromobutane  [16]:  b.p.  166.3";  1.5171.  d^^4  1.8204;  for  2,3-dibromobutanc:  b.p,  160.5",  n^®D  l,5l47,  d^®4 

1.7916. 

SUMMARY 

1.  The  catalytic  dehydrogenation  of  silicohydrocarbons  of  the  scries  (CH3)SiR.  where  R  =  C3II7.  C4H9.  C6Hj3, 
has  been  studied. 

2.  Tile  high  temperature  decomposition  of  the  original  silanes  at  C“C  and  C-Si  bonds  was  investigated. 

3.  Under  the  conditions  used,  tciraethylsilane,  in  contrast  to  the  mixed  silanes,  does  not  undergo  dehydro¬ 
genation.  but  instead  merely  splits  out  ethylene  with  the  formation  of  triethyl-  and  diethylsilanes. 
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The  action  of  phosphorus  oxychloride  on  organomagnesium  compounds  yields  phosphine  oxides  as  the  major 
product  regardless  of  the  ratio  of  the  two  react.ints  [1].  It  is  evident  that  this  reaction  takes  place  in  three  stages; 

rOCl:,4-UMgX  — >  RI'(0)Cl2 -h  MgXCl 
HP(G)Cl2-f  R.MgX  — *  R.2P(0)C1 -h  MgXCl 
R.2P(0)C1  +  RMgX  RaPO  +  MgXCl 

The  case  with  which  trialkylphosphinc  oxides  ate  formed  has  been  explained  by  certain  investigators  [2] 
as  due  tvi  the  high  reactivity  of  the  intermediate  acid  chlorides  as  compared  to  that  of  the  original.  However, 
by  employing  special  conditions  (an  excess  of  phosphorus  oxychloride,  a  reversal  in  the  order  of  mixing  of  the 
reactants,  and  tlie  use  of  very  dilute  solutions),  Kosolapoff  [2]  was  able  partially  to  arrest  the  reaction  in  the 
Second  stage,  and  thereby  to  obtain,  after  hydrolysis,  rather  good  yields  of  diarylphosphinic  acids.  When  the  reac¬ 
tion  is  carried  out  with  an  excess  of  phosphorus  oxychloride,  the  intermediate  phosphinic  chloride  and  phosphonic 
dichloridc  are  obtained  in  small  yields  [3], 

In  searching  for  a  suitable  route  for  the  synthesis  of  dialkylphosphinic  acids  other  investigators  have  used 
substituted  ainidoJichlorophosphates  in  place  of  phosphorus  oxychloride  [4].  In  the  opinion  of  Kosolapoff,  the 
best  method  is  one  where  a  complex  of  phosphorus  oxychloride  with  a  tertiary  amine  is  used  [5].*  By  blocking  one 
chlorine  atom  in  the  oxychloride  with  pyridine.  Kosolapoff  [6]  obtained  dibutylphosphinic  acid  in  a  yield  of  16.3*70 
when  the  usual  order  of  mixing  of  the  reagents  was  employed,  and  the  yield  increased  to  47.57owhcn  the  reverse 
order  was  used. 

We  have  sliown  in  the  present  work  that  the  reaction  of  chlorides  of  pcntavalcnt  phosphorus  acids  with  alkyl- 
magnesium  bromides  docs  not  usually  proceed  to  completion,  and  wc  have  determined  the  causes  underlying  this 
inhibition  of  the  reaction.  Even  upon  prolonged  refluxing  of  the  acid  chloride  with  excess  organomagnesium  com¬ 
pound  there  is  formed,  along  with  the  phosphine  oxide,  a  certain  amount  of  dialkylphosphinic  acid.  The  yield 
of  the  acid  is  appreciably  increased  by  the  use  of  alkylmagncsium  halides  in  which  the  alkyl  group  has  a  branched 
structure-  Thus,  the  reaction  of  phospliorus  oxychloride  with  n-butylmagncsium  bromide  under  conditions  described 
for  the  synthesis  of  tri-n  butylpliosphine  oxide  [1]  gives  50-60%  phosphine  oxide  and  15-25%di-n  butylphosphinic 
acid,  while  the  tise  of  isobutylmagncsium  bromide  under  the  same  conditions  decreases  the  yield  of  phosphine 
oxide  to  25-30% and  increases  the  yield  of  acid  to  30.5%  Some  investigators  [1]  have  apparently  mistaken  a  mix¬ 
ture  of  trialkylphosphinc  oxide  and  dialkylphosphinic  acid  for  pure  oxide. 

The  formation  of  significant  amounts  of  dialkylphosphinic  acids  in  addition  to  phosphine  oxides  during  reac¬ 
tions  with  Grignard  reagents  may  be  explained  on  the  basis  that  the  intermediate  products- the  chlorides  of  phos¬ 
phinic  and  phosphonic  acids- interact  with  the  magnesium  halide  and  are  thereby  converted  to  an  ether- insoluble 
complex.  R2P(0)C1  •  MgXCl,  which  reacts  with  the  alkylmagncsium  halide  only  with  difficulty  under  heterogeneous 

•As  in  the  Russian  original.  Probably  [6]  is  meant. 
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Reactions  of  Chlorides  of  Phosphoric  and  Organophosphorus  Acids 


Formula 

( 

field!' 

Boiling  point 

B 

Found 

Calc. 

[in  *70)1 

(pressure  in 
mm) 

%  P 

“/o  P 

MRg 

CH,\ 

/  I--OC,H„-  JSO 
n  -c,H/  II 
o 

iS.B 

\:v2-\:q°  (7 1 

0.954:5 

1.4422 

14.40 

58.37 

15.01 

58.63 

CHjx 

r  H  /'’-OC.H..-iso 

ISO  II 

(J 

! '.0-141  (4) 

0.9266 

1.4398 

13.71 

62.58 

14.05 

63.22 

CH,\ 

6 

i 

i;i9-l  '.l  {:>) 

0.9143 

1.4432 

12.55 

67.88 

13.25 

67.98 

CH,\ 

o 

1  4-4..3 

158-160  {;)) 

U.9088 

1.4443 

11.64 

76.63 

11.80 

77.36 

CH,\ 

„  r  w  /1’-UC„H,.-1S0 
n  -CijMjv  11 
o 

'  30.8 

17:5-175  (4); 
m.p.  28° 

.  0.88:50 
(30°) 

1.4412 

(30°) 

10.2;] 

86.76 

10.07 

86.10 

_  ,,  ;^F*-OC.H,-n 
n  II 

(> 

28.6 

111-112  (4j 

1  0.9411 

1 .4409 

15.56 

5:5.86 

10.12 

5:3.12 

conditions.  This  circumstance  permits  one  to  stop  the  reaction,  to  a  considerable  extent,  at  an  intermediate 
stage,  and  thereby  to  obtain  dialkylphosphinic  acids  and  their  derivatives  v/ithout  a  preliminary  blocking  of  a 
chloride  atom  in  the  original  acid  chloride.  By  reaction  of  phosphorus  oxychloride  or  of  ethylphosphonic  dichlo¬ 
ride  with  alkylmagnesium  bromides  in  mole  ratios  of  1  :  2  and  1  :  1,  respectively,  and  subsequent  hydrolysis  we 
were  able  to  obtain  dialkylphosphinic  acids  in  approximately  the  same  yield  as  that  obtained  by  blocking  a  chlo¬ 
rine  atom  with  pyridine  [6], 

POCl;,  + 2U\IgX  —  H;,1'(0)C1-  MgXC.l  — R.IMOIOII 
H'i‘(0)CL+  llMgX  — >  I{U'I'(0)C1  .  MgXCl  RU'[’(0)(0M) 


The  complex  of  dialkylphosphinic  chloride  with  magnesium  salts  is  rather  stable,  and  we  were  unable  to 
isolate  the  free  chloride  from  it  by  heating  under  vacuum.  Treatment  of  the  complex  with  alcohol  in  the  presence 
of  triethylamine  gave  satisfactory  yields  of  the  corresponding  ester  of  the  dialkylphosphinic  acid. 

U11'I'(0)C1  •  MgXCl  4-  R''OH  4-  (CoHjljN  — > 

—  RR'1'(0)0R''  +  (C2H5)3N  .  HCl  -f  MgXCl 


This  reaction  makes  it  possible  to  obtain  in  a  comparatively  simple  way  difficultly  available  esters  of 
dialkylphosphinic  acids,  both  those  with  like  and  those  with  unlike  radicals. 

With  the  aim  of  preparing  esters  of  dialkylphosphinic  acids,  we  also  included  in  the  present  work  a  study 
of  the  reaction  of  Grignard  reagents  with  alkyl  dichlorophosphates  and  with  esters  of  alkylphosphonochloridic  acids. 


ROPCl.,-f  2R'MgX  — ♦  R.;P-OR 

o  6 


R''_I>/  4-  R'MgX 

II  \ri 


OR 


R\ 


'Cl 


IV'/ 


>P-OR 


Replacement  by  alkyl  groups, not  only  of  chlorine  atoms,  but  also  of  alkoxy  groups,  is  possible  in  these  reac 
tions.  However,  owing  to  the  significant  difference  in  the  reactivities  of  these  functional  groups,  it  was  possible 
to  select  conditions  under  which  only  chlorine  atoms  are  replaced.  In  spite  of  this  the  yield  of  esters  did  not 
exceed  50*7^ 
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The  comparatively  low  yields  of  esters  of  dialkylphosphinic  acids  and  other  derivatives  of  pentavalent  phos¬ 
phorus  in  these  Gripnard  reactions  may  be  explained  not  only  by  the  great  tendency  of  the  intermediate  products 
to  form  insoluble  complexes  with  the  magnesium  lialidcs.  but  also  by  the  difficulty  of  separating  the  end  products, 
which  is  also  connected  v.'ith  their  great  complex- forming  ability  For  this  reason,  these  substances,  in  contrast 
to  derivatives  of  trivalcnt  phosphorus  [7],  cannot  be  separated  from  the  reaction  mixture  in  any  significant  yield 
without  decomposition  of  the  comnlex  compounds  \;ith  aqueous  or  acid  solutions.  Phosphine  oxides,  apart  from 
complex  formation  with  magnesium  .salts,  also  form  ether- insoluble  complexes  with  hydrochloric  acid.  We  made 
use  of  this  piopcrty  in  a  number  of  cases  to  separate  phosphine  oxides  from  the  dialkylphosphinic  acids  and  their 
esters,  whicli  do  not  form  complexes  with  hydrochloric  acid. 

EXPERIMENTAL 

Reaction  of  phosplionis  oxychloride  with  n-butylmagnesium  bromide  A)  To  3.3  moles  of  the  butylmag- 
nesium  bromide  in  1200  ml  of  absolute  ether  was  added,  with  cooling  and  vigorous  stirring,  a  solution  of  1  mole 
of  phosphorus  oxychloride  in  250  ml  of  the  same  solvent;  the  addition  was  made  at  such  a  rate  that  the  solution 
boiled  weakly.  The  reaction  mixture  was  refluxed  for  3  hr.  and  was  then  treated  with  1000  ml  of  cold,  dilute 
(1  :  10)  hydrochloric  acid.  The  lower  (aqueous)  layer  was  separated  by  means  of  a  siphon  and  was  discarded.* 

A  20*70 solution  of  sodium  hydroxide  was  added  to  the  remaining  material  to  an  alkaline  reaction  while  the  mate¬ 
rial  was  cooled  and  stirred.  The  aqueous  layer  which  formed  was  separated,  and  the  ether  layer  was  washed  with 
water  (three  times  with  100  ml  portions).  The  wash  water  was  combined  with  the  aqueous  layer.  The  solvent  was 
distilled  from  the  ether  .solution,  and  the  residue  was  distilled  under  vacuum  over  a  small  amount  of  sodium  car¬ 
bonate  (3-5''/>  by  weight  of  the  residue).  This  procedure  )ielded  120  g  (SS'fo)  of  tri-n-butylphosphine  oxide.  The 
oxide  contained  no  trace  of  acid,  and  had  a  b.p,  153-154®  (7  mm).  According  to  reference  [d],  the  boiling  point 
Ls  185- 186*  (18  mm). 

Found  P  14.07.  CijUzrOP.  Calculated  %  P  14.18. 

The  combined  wash  water  and  aqueous  layer  obtained  after  alkaline  treatment  of  the  reaction  mixture  was 
acidified  witli  300  ml  of  concentrated  hydrochloric  acid  The  resulting  oil  was  separated,  and  the  aqueous  solu¬ 
tion  was  extracted  with  ether  (five  times  with  200  ml  portions).  The  extracts  were  combined  with  the  oil  and 
washed  with  water  (twice  witli  50  ml  portions).  The  solvent  was  distilled  from  the  solution,  and  the  residue  wa.s 
distilled  under  vacuum.  Tlierc  was  obtained  30  g  (21.9‘’/i')  of  di-n-butylphosphinic  acid,  which  was  contaminated 
witli  a  small  amount  of  phosphine  oxide;  b.p.  200-208®  (3  mm). 

Found  Equiv.  186.4.  C8Hi902P.  Calculated  Equiv.  178.2. 

After  recrystallization  from  water,  the  acid  melted  at  69-70®.  According  to  references  [6],  the  m.p.  is 
70-71®. 

B)  To  a  solution  of  0.5  mole  of  phosphorus  oxychloride  in  300  ml  of  ether  was  added,  with  vigorous  stirring, 
a  solution  of  1.1  moles  of  butylmagnesium  bromide  in  500  ml  of  the  same  solvent;  the  addition  was  carried  out 

at  a  rate  such  that  the  ether  boiled  weakly.  The  mixture  was  heated  for  1  hr  and  then  allowed  to  stand  overnight. 
The  transparent  ether  solution  was  .separated  from  the  solid  material  by  decantation.  After  distillation  of  the 
solvent,  there  remained  a  small  amount  of  solid  material  which  could  not  be  distilled  under  vacuum;  we  were 
unable  to  separate  any  individual  substances  from  this  material.  The  product  was  a  mixture  of  complexes  of 
orgnnophosphorus  compounds  with  magnesium  salts. 

C)  To  a  reaction  mixture  obtained  under  the  conditions  of  Expt.  B  from  0.5  mole  of  phosphorus  oxychloride 
and  1.1  moles  of  butylmagnesium  bromide  was  added,  with  stirring,  330  ml  of  hydrochloric  acid  (1  :  3).  This 
resulted  in  the  formation  of  three  layers.  The  lower  layer  was  discarded,  and  the  remaining  mixture  was  treated 
as  in  Expt.  A.  There  was  obtained  11. 7  g  (10.7*)’)  of  tributylphosphine  oxide  (b  p.  160-161®  at  10  mm)  and  45* 
(50.5^0)  of  dibutylphosphinic  acid  (b.p.  208-210°  at  3  mm;  equiv.  182.3). 

D)  To  a  re.tction  mixture  obtained  from  0.2  mole  of  piiosph.orus  oxychloride  and  0.4  mole  of  butylmagnc- 
sium  bromide  under  the  conditions  of  Expt.  B  was  added  0.22  mole  of  triethylamine  and  then,  with  stirring.  0.22 
mole  of  butyl  alcohol;  considerable  evolution  of  heat  was  noted.  The  reaction  mixture  was  heated  for  2  hr  and 

•Attempts  to  separate  any  product  from  this  layer  by  repeated  extraction  with  ether  were  unsuccessful. 


then  cooled,  and  water  was  then  added  until  tlie  solid  products  dissolved.  The  ether  layer  was  separated,  and  the 
aqueous  layer  was  extracted  with  ether  (twice  with  100  ml  portions).  The  extracts  were  combined  with  the  ether 
layer,  and  the  resulting  solution  was  washed  with  hydrochloric  acid  (in  order  to  free  it  from  phosphine  oxide). 

The  solution  was  then  washed  with  a  satiurated  sodium  carbonate  solution  to  an  alkaline  reaction.  The  solution 
was  dried  over  calcined  potassium  carbonate,  the  solvent  was  distilled,  and  the  residue  was  distilled  under  vacuum. 
There  was  obtained  14.5  g  (31*70)  of  butyl  dibutylphosphinate: 

B.p.  124-125*  (1  mm).  d^4  0.9248,  n^D  1.4428,  MRp  67.14;  calc.  67.36. 

Found  %  P  13.11.  C12H27O2P.  Calculated  P  13.23. 

Reaction  of  phosphorus  oxychloride  with  isobutylmagnesium  bromide.  Under  the  conditions  of  Expt.  A, 
from  3.5  moles  of  isobutylmagnesium  bromide  and  1  mole  of  phosphorus  oxychloride  was  obtained:  1)  66.3  g 
(30.470)  of  triisobutylphosphine  oxide; 

B.p.  119-120*  (4  mm),  m.p.  89*. 

Found  7o:  P  14.11.CuH270P.  Calculated  7o:  P  14.18. 
and  2)  61.5  g  (337o)  of  diisobutylphosphinic  acid,  b.p.  190-192*  (4  mm),  m.p.  38-40*. 

Found  7o:  P  17.09.  Equiv.  183.2.C8Hj902P.  Calculated  7o:  P  17.38.  Equiv.  178.2. 

Reaction  of  methylphosphonic  dichloride  with  n-hexylmaenesium  bromide.  Under  the  conditions  of  Expt.  A. 
there  was  obtained  from  0.5  mole  of  methylphosphonic  dichloride  and  1.1  mole  of  hexylmagnesium  bromide: 

1)  45.3  g  (397o)  of  methyldihcxylphosphine  oxide,  b.p.  182-183"  (6  mm),  m.p.  42-43*| 

Found  *7(1  P  13.15.  C13H29OP.  Calculated  %  P  13.32. 
and  2)  10.2  g  (12.47o)  of  methylhexylphosphinic  acid,  b.p,  216-218*  (1  mm). 

Found  %  P  18.59.  Equiv.  168,1.  C7Hi702P-  Calculated  7^:  P  18.88.  Equiv.  164.2, 

From  1  mole  of  the  dichloride  and  1  mole  of  hexylmagnesium  bromide  was  obtained,  under  the  conditions 
of  Expt,  B,  16.7  g  (7.27f’)  of  methylliexylphosphine  oxide  and  72.5  g  (44.27^)  of  methylhexylphosphinic  acid.  The 
acid  had  the  propenies  described  above. 

Reaction  of  n-amyl  dichlorophosphate  with  n-butylmagnesium  bromide.  To  0,2  mole  of  n-amyl  dichloro- 
phosphate  in  200  ml  of  ether  was  added  a  solution  of  O.'H  mole  of  n-butylmagnesium  bromide  in  250  ml  of  the 
same  solvent  at  a  rate  such  that  the  ether  boiled  weakly.  The  reaction  was  brought  to  completion  by  refluxing 
the  mixture  for  1  lir,  and  the  mL<ture  was  then  treated,  while  cooling,  with  100  ml  of  hydrochloric  acid  (1  :  3). 
The  ether  solution  was  separated  and  waslicd  with  a  saturated  sodium  carbonate  solution  to  an  alkaline  reaction. 
The  ether  was  distilled,  and  the  residue  was  dried  by  azeotropic  distillation  with  benzene.  Distillation  gave 
15.1  g  (30.47o)  of  n-amyl  di-n-butylphosphinate: 

B.p,  146-148*  (1  mm).  d^4  0.9124,  n^D  1.4443,  MRp  72.33;  calc.  71,98. 

Found  7c  P  12.19.  Ci3ll2902P.  Calculated  7o;  P  12.45. 

Reaction  of  esters  of  methylphosphonochloridic  acid  with  alkylmagncsium  bromides.  Esters  of  methylalkyl- 
phosphinic  acid  were  prepared  under  the  conditions  of  the  preceding  experiment  from  0.2  mole  of  the  methyl¬ 
phosphonochloridic  ester  and  0.22  mole  of  the  alkylmagnesium  bromide.  The  yields,  properties,  and  analyses  of 
these  compounds  are  presented  in  the  table. 


SUMMARY 

1,  Dialkylphosphinic  acids  have  been  prepared  by  reacting  phosphorus  oxychloride  and  methylphosphonic 
dichloride  with  alJtylmagnesium  bromides. 

2.  Esters  of  dialkylphosphinic  acids  have  been  prepared  by  reacting  alkyl  dichlorophosphates  and  esters 
of  methylphosphonochloridic  acid  with  alkylmagncsium  bromides. 
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It  has  previously  been  shown  that  organophosphorus  polyamide  and  polyester  resins  prepared  from  diamines 
and  glycols  and  containing  two  carboxyl  groups  have  the  ability  to  form  fibers  [1]. 

In  the  present  work,  previously  undescribed  organophosphorus  polymers  were  prepared,  and  these  differed 
substantially  from  polymers  prepared  from  phosphine  oxides.  The  condensation  was  carried  out  between  ethylene 
glycol,  dicthylene  glycol,  or  hexamethylenediamine  and  bis(p-carboxyphenyl)phosphinic  acid  or  its  methyl  ester. 
Three  polymers,  (I),  (II).  and  (HI)  are  described. 
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A  characteristic  feature  of  these  polymers  is  that  the  chains  contain  bis(p-carboxyphcnyl)phosphinic  acid 
residues  with  uncstcrified  phosphinico  groups,  in  the  case  of  (I)  and  (II),  and  it  may  be  assumed,  in  the  form  of  an 
ammonium  salt,  in  the  case  of  polpner  (ID).  Consequently,  the  first  two  polymers  arc  weak  acids,  and  the  last 
one  is  an  ammonium  salt.  The  solubility  of  the  polyesters  in  basic  media  and  one  of  the  possibilities  of  forming 
threads  arc  associated  with  this  structural  feature.  It  may  be  assumed  that  the  formation  of  fibers  in  the  present 
case  can  be  accomplished  not  only  by  forcing  the  melt  tlirough  spinnerettes,  but  also  using  alkaline  solutions  with 
subsequent  acid  treatment.  It  is  not  difficult  to  sec  that  these  polyesters  and  polyamides  are  cation  exchangers 
of  the  type  of  phosphate  ion- exchange  resins.  The  use  of  these  resins  for  the  separation  and  isolation  of  rare  earth 
elements  is  possible  and  merits  attention. 

The  original  basic  material  used  in  tlie  synthesis  of  these  organophosphorus  polyesters  and  polyamides^ 
~bis(p-carbox)'phenyl)phosphinic  acid-  was  prepared  by  oxidation  of  di-p-tolylphosphinic  acid,  and  it  was  char¬ 
acterized  in  the  form  of  certain  derivatives  (salts,  esters,  chloride),  which  have  not  previously  been  described  in 
the  literature. 
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The  di-p-tolylnho.cphinic  acid  was  prepared  by  the  interaction  of  the  Grignard  reagent  with  dialkyl  phos¬ 
phites  and  subsequent  oxidation  of  the  resulting  diarylphosphine  oxides.  This  method  has  been  used  by  other 
investigators  for  the  synthesis  of  various  dialkylphosphinic  acids  [2-4]. 

In  order  to  decrease  the  amount  of  organomagnesium  compound  required,  in  the  present  work  the  diethyl 
phosphite  was  introduced  into  the  reaction  in  the  form  of  the  sodium  salt.  This  modification  was  Introduced 
earlier  by  om  of  us.  and  the  effect  has  been  verified  by  many  investigators  [5]. 

(C.ll50)2P0Na  +  2Cil3CbHiMgBr  -[(CH3CcIl4)2rOH]  2.(CH3C6H4)2P(0)0H 

The  bis(p-carbo.xyphcnyl)phosphiiiic  acid  polyesters  were  prepared  by  prolonged  heating  of  bis(p-carbo- 
mcthoxyphcnyl)pho3phinic  acid  with  ethylene  glycol  or  diethylenc  glycol  in  the  presence  of  zinc  borate  and 
pentaerythritol.  The  polyester  resins  were  recovered  from  the  alkaline  solutions  by  acidification,  and  they  were 
obtained  in  the  form  of  a  colorless,  amerphous  powder. 

The  polyamide  was  prepared  by  heating,  under  vacuum,  the  ammonium  salt  obtained  by  mixing  hexameth- 
ylcnediaminc  witli  bis(p-carboxyphcnyl)pliosphinic  acid. 

EXPERIMENTAL 

Di-p-tolylphosphinic  acid.  A  Grignard  reagent,  prepared  from  23.87  g  of  magnesium  turnings  and  168.74  g 
of  p-bromotoTuenc  in  400  ml  of  absolute  ether  was  added  to  the  sodium  salt  of  diethyl  phosphite,  prepared  from 
10.3  g  of  metallic  sodium  and  61.8  g  of  dietliyl  phosphite  in  200  ml  of  absolute  ether;  the  addition  was  carried 
out  willi  cooling,  so  that  die  tempeiaiurc  did  not  rise  aiiove  15°.  Tile  leacdon  mixture  was  then  heated  for  4  to 
5  hr  on  a  water  batli.  cooled,  and  decomposed  with  400  ml  of  hydrochloric  acid  (1  :  3).  The  ether  was  then 
distil le<l  under  vacuum.  The  remaining  water  layer  was  heated  to  boiling,  and  to  the  stirred  solution  was  gradually 
added  100  ml  of  2</'/<’ liydrogeii  peroxide;  heating  was  continued  for  another  30  min.  The  solution  was  cooled  to 
room  temperafirc,  and  tlic  di-p-tol  .Iphosphinic  acid  was  separated  by  three  extractions  with  ether.  The  combined 
ether  extracis  were  dried  over  calcined  sodium  sulfate.  Distillation  of  the  ether  left  a  dark  oil.  The  acid  crystal¬ 
lized  witlidifficulty,  hut  it  was  successfully  recrystallized  from  aqueous  alcohol.  There  was  obtained  55  g  of  di-p- 
tolylphospliinic  acid.  The  yield  was  50‘’/’\.  The  melting  point  was  131-132°,  which  is  in  agreement  with  the  value 
reported  in  the  literature  [6,  7]. 

Bis(p-carboxyplienyl)phosphinic  acid.  To  1.5  liters  of  a  weakly  basic  solution  of  di-p-tolylphosphinic  acid, 
prepared  by  neutralizing  55  g  of  the  acid  with  potassium  hydroxide,  was  added  141.3  g  of  potassium  permanganate, 
and  the  mixture  was  healed  on  a  boiling  water  bath  for  3  hr.  The  manganese  dioxide  was  removed  by  filtration, 
and  the  solution  was  acidified  and  evaporated  to  dryness  on  a  water  bath.  The  bis(p-carboxyphenyl)phosphinic 
acid  was  extracted  from  the  residue  with  anhydrous  alcohol.  Evaporation  of  the  alcoholic  solution  caused  the  acid 
to  precipitate  in  the  form  of  white  crystals.  There  was  obtained  46  g  of  the  acid;  the  yield  was  80.471  The  crude 
acid  was  rccrystallized  from  aqueous  methyl  alcohol  to  yield  a  purified  product  which  did  not  melt  when  heated 
to  330°. 

l3is(p-carboxyphenyl)phosphinic  acid  is  soluble  in  methyl  alcohol,  less  soluble  in  ethyl  alcohol,  and  insolu¬ 
ble  in  ether,  benzene,  and  water. 

Founder  C  54.6;  II  3.77;  P  10.58.  Ci^HuOeP.  Calculated  %  C  54.9;  H  3.59;  P  10.13. 

The  acid  titrates  with  a  base  as  a  monobasic  acid  in  the  presence  of  phenolphthalcin  indicator.  Tile  lead 
salt  is  obtained  when  an  aqueous  alcoholic  solution  of  the  acid  is  mixed  with  an  aqueous  solution  of  lead  acetate. 

Found  7?  P  5.45.  5.51.  C23Hi60i2P2P*^3*  Calculated  7t  P  5.12. 

The  salt  dbes  not  dissolve  in  water  or  organic  solvents,  and  does  not  melt  when  heated  to  300*. 

Bis(p-carbomethoxvphcnyl)phosphinic  acid.  Ten  g  of  bis(p-carboxyphenyl)phosphinic  acid  and  200  ml  of 
anliydroiis  rnetliyl  alcohol  were  heated  at  the  boiling  point  of  the  solutio.i  for  2  hi  while  hydrogen  chloride  was 
passed  tlirough  the  solution,  and  the  reaction  mixture  was  then  held  for  an  additional  5  hr  at  this  same  tempera¬ 
ture-  The  crystals  which  precipitated  when  the  solution  was  cooled  were  rccrystallized  from  methyl  alcohol. 

The  m.p.  was  191-192°.  There  was  obtained  9  g  (82.57’)  of  material.  The  substance  was  soluble  in  methyl  and 
ethyl  alcohols,  and  was  less  soluble  in  chloroform  and  benzene. 
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Found  %  P  9.51.  CisHisOgP.  Calculated  ’lx  P  9.28. 

The  acid  titrates  with  a  base  in  the  presence  of  phenolphthalein  as  a  monobasic  acid.  The  zinc  salt  of 
bis(p-carbomethoxyphcnyl)phosphinic  acid  precipitates  when  solutions  of  the  acid  and  zinc  acetate  are  mixed. 

The  salt  is  not  soluble  in  water  or  organic  solvents. 

Found  ‘7.’:  P  7.93.  7.96.  CjsMa, 012^2^0.  Calculated  P  8.49. 

Bis(p-carbobutoxyphenyl)phosphinic  acid.  A  mixture  of  4  g  of  bis(p-carbometlioxyphenyl)phosphinic  acid, 

80  ml  of  butyl  alcohol,  and  14  drops  of  sulfuric  acid  were  heated  for  20hrs  on  an  oil  bath  at  150-160".  Distilla¬ 
tion  of  the  butyl  alcohol  left  2.8  g  of  the  butyl  ester,  and  this  was  recrystallized  from  hot  aqueous  methyl  alcohol. 
The  material  melted  at  124*.  The  butyl  ester  is  readily  soluble  in  methyl  and  ethyl  alcohols,  benzene,  and  chloro¬ 
form,  and  is  less  soluble  in  ether. 

Found  ^7':  P  7.52.  7.63.  C22H27O6P.  Calculated  %  P  7.41. 

Bis(p-carbobutoxyphenyl)phosphinic  acid  titrates  with  a  base  as  a  monobasic  acid.  The  zinc  salt  was 
prepared.  It  was  insoluble  in  water,  ether,  and  alcohol;  it  did  not  melt  when  heated  to  330*. 

Found  P  7.67.  CiiHszO^PjZn.  Calculated  '7<?  P  6.92. 

Trichloride  of  bis(p-carboxyphcnyl)phosphinic  acid.  A  mixture  of  10  g  of  bis(p-carboxyphenyl)phosphinic 
acid  and  150  ml  of  freshly  distilled  thionyl  chloride  was  heated  on  a  water  bath  for  6-7  hr  until  the  acid  com¬ 
pletely  dissolved.  The  excess  thionyl  chloride  was  distilled  under  vacuum,  and  the  residue  “the  trichloride  of 
bis(p-carboxyphcnyl)phosphinic  acid“was  a  viscous  oil  which  crystallized  upon  treatment  with  dry  petroleum 
ether  (boiling  range.  50-70").  There  was  obtained  10  g  of  the  trichloride;  the  yield  was  84.5%.  The  material 
was  purified  by  reprecipitation  from  dry  chloroform  using  absolute  ether  as  the  precipitant.  It  was  soluble  in 
alcohol  and  chloroform  and  difficultly  soluble  in  ether.  When  heated,  it  decomposed  at  118-120*. 

Found  %;  Cl  29.62;  P  8.82.  C1.1H8O3PCI3.  Calculated  %  Cl  29.5;  P  8.6. 

Tris(diethylamide)  of  bis(p-carboxyphcnyl)phosphinic  acid.  To  2  g  of  the  trichloride  of  bis(p-carboxy- 
phenyl)phosphinic  acid  in  30  ml  of  anhydrous  chloroform  was  added,  with  cooling.  5  ml  of  diethylamine  in 
25  ml  of  anhydrous  chloroform,  and  the  reaction  mixture  was  allowed  to  stand  for  2  hr  at  room  temperature  and 
for  4  hr  at  40-45*.  The  chloroform  was  then  evaporated,  and  the  tris(diethylamidc)  was  extracted  with  ether  and 
benzene. 

The  solvent  was  distilled,  and  1.2  g  of  the  tris(dicthylainidc)  was  obtained.  After  rccrystallization  from  a 
mixture  of  benzene  and  ether,  the  triamidc  melted  at  141-142*.  It  was  soluble  in  methyl  and  ethyl  alcohols, 
benzene,  chloroform,  and  water. 

Found  %  P  6.92,  6.8;  N  8.74.  8.57.  C2GH3BO3N3P.  Calculated  %  P  6.57;  N  8.9. 

Triethyl  ester  of  bis(p-catboxyphcnyl)phosphinic  acid.  To  sodium  ethylate,  prepared  from  0.3  g  of  metal¬ 
lic  sodium  and  30  ml  of  anhydrous  alcohol,  was  added  gradually,  wliile  cooling.  2  g  of  the  trichloride  in  80  ml 
of  anhydrous  alcohol.  The  reaction  mixture  was  then  heated  for  3  hr  at  GO*  (bath  temperature).  The  solution 
was  filtered  free  of  the  precipitated  sodium  chloride,  and  the  solvent  was  distilled.  The  m.p.  of  the  product  was 
162-164*  (after  two  rccrystallizations  from  aqueous  alcohol).  There  was  obtained  1  g  of  product.  It  was  readily 
soluble  in  water  and  in  methyl  and  ethyl  alcohols  and  sparingly  soluble  in  benzene  and  ether. 

Found  %  P  7.95.  CjoUgjOcP.  Calculated  %;  P  8.57. 

Polyester  from  ethylene  glycol  and  bis(p-carbomethoxyphcnyl)phosphinic  acid.  To  1.5  g  of  finely  powdered 
bis(p-carbomethoxyphenyl)phosphinic  acid  was  added  2.8  g  of  ethylene  glycol  and  several  crystals  of  zinc  borate 
and  pentaerythritol.  The  mixture  was  carefully  stirred  and  heated  at  ambient  pressure  180-200*  for  19  lir.  The 
apparatus  was  then  evacuated  to  10-12  mm,  and  the  reaction  mixture  was  maintained  at  200-210*  for  3  hr  and  at 
260*  (2-3  mm)  for  8  hr.  A  glassy,  yellow  resin  was  obtained  which  was  insoluble  in  the  usual  solvents.  It  melted 
at  231*.  Coarse  fibers  were  obtained  by  drawing  from  the  melt. 

Polyester  from  diethylcne  glycol  and  bis(p-carbomethoxyphenyl)phosphinic  acid.  To  1.5  g  of  bis(p-carbo- 
methoxyphenyi)phosphinic  acid  was  added  21  g  of  diethylcne  glycol  and  several  crystals  of  zinc  borate.  The 
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inixtiire  was  heatec3  at  210-220'  and  atmospheric  pressure  for  24  hr.  The  apparatus  was  then  evacuated  to  12  mm, 
and  heating  was  continued  for  3  hr  at  210';  the  vacuum  was  then  increased  to  2-3  mm.  and  heating  was  continued 
for  an  additional  20  hr  at  285'.  A  glassy,  bro\'m  resin  with  a  softening  point  of  180“  was  obtained.  The  softened 
material  was  drawn  into  coarse  fibers. 

Polyamide  from  hexamcthylenediamine  and  bis(p-carboxyphcnyl)phosphinic  acid.  The  salt  formed  by 
hcxamethylencdiarnine  with  bis(p-carboxyplienyi)phosphiuic  acid  was  used  in  the  condensation.  The  salt  was 
prepared  by  mixing  )iot  alcoholic  solutions  of  hexamctliylcncdiaminc  (1.2  g  of  hexamcthylenediamine  in  20  ml 
of  anhydrous  alcoliol)  and  acid  (3  g  of  acid  in  40  ml  of  anhydrous  alcohol).  The  salt  precipitated  as  a  white 
crystalline  material,  and  was  filtered  off.  washed  with  alcohol,  and  dried.  It  decomposed  at  212',  and  was  soluble 
in  water  and  insoluble  in  alcohol,  etlier.  and  benzene. 

Found  I'i  P  7.4G,  7.33.  C2oHctOcN2.  Calculated  P  7.58. 

The  polycondensation  reaction  was  carried  out  as  follows:  Two  g  of  the  ammonium  salt  was  heated  for  3  hr 
at  270-275“  (12  mm).  There  was  obtained  an  almost  colorless  glassy  mass,  which  was  insoluble  in  the  usual  organ¬ 
ic  solvents.  It  had  a  softening  point  of  245'.  Lustrous,  silky,  and  comparatively  strong  threads  were  drawn  from 
the  melt. 

^  SUMMARY 

1.  Bis(p-carboxymcthyl)phosphinic  acid,  its  esters,  salts,  an  amide,  and  the  trichloride  have  been  prepared. 
Tliese  compounds  have  not  previously  been  described  in  the  literature. 

2.  Organophosphorus  polyesters  and  a  polyamide  have  been  prepared  from  ethylene  glycol,  diethylene 
^  glycol,  hcxamethylenediamine.  and  bis(p-carboxyphpnyl)phosphinic  acid. 
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All  abbreviations  of  periodicals  in  the  above  bibliof;raphy  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  orif.inal  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  he  available  in  Enfilish  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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SPECTROGRAPHIC  INVESTIGATION  OF  PHENOLIC  ACIDS 
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It  is  knovvTi  that  certain  phenolic  acids  and  their  derivatives  arc  medicinal  preparations  (salicylic  acid, 
its  sodium  salt,  methylsalicylate,  aspirin,  p-hydroxybenzoic  acid,  and  nipagin);  others  (m-hydroxybenzoic  acid 
and  its  derivatives)  do  not  possess  pharmacological  properties. 

A  course  of  investigation  has  recently  been  adopted  which  attempts  to  establish  a  connection  between 
pharmacological  properties  and  the  nature  of  the  electronic  interaction  of  atoms  and  groups  of  atoms  in  the  mole¬ 
cule.  Spectroscopic  studies  of  the  electronic  structures  of  medicinal  compounds  are  of  particular  interest  in  this 
regard.  Such  studies  may  be  carried  out  by  investigating  absorption  spectra  in  the  ultraviolet  and  Raman  and 
infrared  spectra.  Spectroscopic  studies  of  phenolic  acids  and  their  derivatives  have  been  carried  out  in  the  ultra¬ 
violet  region  by  a  number  of  authors;  however,  the  available  data  are  fragmentary  and, at  times,  contradictory  [1-7]. 

The  pre.sent  work  was  deyoted  to  a  spectroscopic  investigation  in  the  ultraviolet  of  the  electronic  structures 
of  phenolic  acids  (o-,  m-,  and  p-hydroxybenzoic  acids)  with  the  aim  of  clarifying  the  connection  between  elec¬ 
tronic  structure  and  biological  activity  of  these  compounds. 

EXPERIMENTAL 

The  0-,  m-,  and  p-hydroxybenzoic  acids  were  investigated  in  solution  in  ethanol,  an  ethanol  solution  of 
sodium  ethylate,  dioxane,  and  carbon  tetrachloride.  The  spectroscopic  investigation  was  carried  out  by  the  meth¬ 
od  of  Henri  [8]  using  a  Hilger  spectrograph.  The  absorption  curves  for  hydroxybenzoic  acids  in  solution  in  water 
were  taken  from  reference  [4];  the  curves  for  these  acids  in  a  mixture  of  hexane  and  ether  were  taken  from  refer¬ 
ence  [9]. 

Synthesis  and  purification  of  the  materials.  The  salicylic  acid  (a  commercial  pharmaceutical)  was  re¬ 
peatedly  rccrystallizcd  from  water.  The  m-livdroxybciizoic  acid  v;as  s)Tithesizcd  from  m-sulfobenzoic  acid  by 
the  method  of  Offermann  [10],  and  it  was  purified  by  rccrystallization  from  water.  The  p-hydroxybenzoic  acid 
was  prepared  from  potassium  salicylate  by  the  method  of  Buehler  and  Cate  [11]  and  was  purified  by  recrystallization 
from  aqueous  acetone.  .4ftcr  purification,  the  hydroxybenzoic  acids  had  the  following  melting  points;  ortho,  159*; 
meta,  201®;  para  (anhydrous).  215°.  These  melting  points  are  in  agreement  with  the  handbook  values.  The  criterion 
that  these  materials  had  the  purity  required  for  optical  invc.stigation  was  the  invariability  of  their  absorption  spectra 
after  repeated  rccrystallizations  from  the  appropriate  solvents. 

Spectroscopic  Investigation  and  Discussion  of  Results 

a)  0- Hydroxybenzoic  acid.  The  experimental  data  on  the  absorption  of  solutioas  of  o- hydroxybenzoic 
acid  in  different  solvents  are  presented  in  Fig..  1.  As  may  be  seen  from  Fig.  1  (curve  1).  o- hydroxybenzoic  acid 
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Fig.  1.  Absorption  spectra.  1)  o-Hydroxybenzoic  acid  in 
ethanol;  2)  benzoic  acid  in  ethanol;  3)  benzoic  acid  in  a 
mixture  of  hexane  and  ether  [9];  4)  o-hydroxybenzoic  acid 
in  dioxanc;  5)  o-hydroxybenzoic  acid  in  water  [4];  6)  o-hy¬ 
droxybenzoic  acid  in  a  mLxture  of  hexane  and  ether  [9];  7) 
o-hydroxybenzoic  acid  in  carbon  tetrachloride;  8)  o-hydroxy- 
benzoic  acid  in  ethanol  +  2  moles  of  C2H50Na;  9)  o-hydroxy- 
benzoic  acid  in  1  mole  of  C2H50Na;  10)  benzoic  acid  in 
ethanol,  11)  benzoic  acid  in  0.1  M  C2H50Na,  12)  o-amino- 
benzoic  acid  in  water  [18],  13)  o-aminobeiizoic  acid  in  aqueous 
alkali. 

in  ethanol  has  an  "ortho- type"  spectrum  [12],  which  may  be  regenerated  from  the  spectrum  of  benzoic  acid 
(Fig.  1.  curves  2  and  3).  The  introduction  of  a  hydroxyl  group  into  the  onho  position  of  the  benzoic  acid  mole¬ 
cule  causes  a  bathochromic  shift  of  the  absorption  bands  by  320  A  and  an  increase  in  the  intensity  of  absorption 
by  a  factor  of  4.5.  This  effect  may  be  explained  by  the  foimation  of  intramolecular  hydrogen  bonds  between  the 
carboxyl  and  hydroxyl  groups.  A  similar  optical  effect  w.is  noted  by  N.  A.  Valyashko  and  co-workers  during  a 
study  of  compounds  having  a  closely  similar  electronic  structure  o-hydroxybcnzaldehyde  [13-15]  and  o-hydroxy- 
acetophenone  [16-17]). 

Numerous  physicochemical  investigations  [20-23]  as  well  as  studies  of  the  Raman  and  infrared  spectra  [24, 
25]  have  indicated  the  presence  in  salicylic  acid  of  a  stable  intramolecular  hydrogen  bond  which  is  not  decom¬ 
posed  under  the  influence  of  such  polar  solvents  as  water. 

A  comparison  of  the  absorption  curves  for  sulutions  of  salicylic  acid  in  different  neutral  solvents  (carbon 
.  tetrachloride,  dioxane,  a  mLxture  of  hexane  and  ether,  ethanol,  and  water)  also  shows  that  a  change  in  the  solvent 
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Fig.  2.;  1)  p-Hydroxybcnzoic  acid  in  ethanol.  2)  phenol  in  etlia-  I 

nol[10];  3)  o-hydroxvbenzoic  acid  in  ethanol;  1)  benzoic  acid  in  j 

ethanol;  5)  p-hydroxybcnzoic  acid  indioxane;  C)p-hydroxy- 
benzoic  acid  in  water  [4];  7)  p-hydroxybenzoic  acid  in  a  mix¬ 
ture  of  hexane  and  ether  [9];  8)  p-hydroxybcnzoic  acid  in  car¬ 
bon  tetrachloride;  9)  benzoic  acid  in  a  mLxture  oi  hexane  and 
ether  [9];  10)  phenol  in  hexane  [19];  11)  p-hydroxybenzoic 
acid  in  ethanol  +  2  moles  of  C2ll50Na;  12)  p-hydroxybenzoic 
acid  in  0.1  M  CjHjONa.  (absorption  spectra). 

docs  not  have  a  substantial  effect  on  the  typo  of  absorption  spectrum.  There  is  merely  a  small  hypsochromic 
sliift  of  tfic  absorption  maximums  witli  a  transition  from  nonpolar  to  more  polar  solvents,  which  is  in  agreement  I 

with  Kundt's  rule  [13].  The  spectra  of  solutions  of  salicylic  acid  in  ethanol  and  water  showed  the  greatest  shift  ! 

toward  the  ultraviolet.  | 

Similar  shifts  under  the  inQuence  of  neutral  solvents  have  been  observed  in  the  spectra  of  benzoic  and  | 

o-aminobenzoic  acids  [18],  and  were  noted  by  Valyasiiko  [13-17]  for  o-hydroxybenzaldehydc  and  o-hydroxy-  > 

acetophenone.  | 

Hypsochromic  shifts  of  absorption  maximum  in  neutral  solvents  can  be  explained  on  the  basis  that  with  a  I 

transition  from  nonpolar  to  polar  solvents  and  from  solvents  which  do  not  contain  oxygen  to  oxygen- containing  | 

solvents  there  occurs  ruptine  of  intermolccular  hydrogen  bonds  and  dissociation  of  salicylic  acid  into  ions.  | 
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Fig.  3.  Absorption  spectra.  1)  m-Hydroxybenzoic  acid  in 
ethanol;  2)  o-hydroxybenzoic  acid  in  ethanol;  3)  m-hydroxy- 
bcnzoic  acid  in  a  mixture  of  hexane  and  ether  [9];  4)  m-hy- 
droxybonzoic  acid  in  carbon  tetrachloride;  5)  m-hydroxy- 
benzoic  acid  in  water  [4];  6)  m-hydroxybenzoic  acid  in 
ethanol  +  2  moles  of  C2H50Na;  7)  m-hydroxybenzoic  acid  in 
dioxane;  8)  m-hydroxybenzoic  acid  in  0.1  M  C2H50Na;  9) 
phenol  in  ethanol  [19];  10)  phenol  in  1  M  C2H50Na  [19]. 

With  the  transition  from  carbon  tetrachloride  to  ethanol  there  was  a  hypsochromic  shift  of  the  maximum 
of  120  A,  which  corresponds  to  the  rupture  of  one  hydrogen  bond. 

A  comparison  of  the  absorption  curves  for  the  solutions  in  ethanol  and  in  the  solution  of  sodium  ethylate 
shows  that  the  addition  of  small  amounts  of  a  base  causes  a  hypsochromic  shift  of  the  long- wave -length  band  by 
60  A  and  a  shift  in  the  absorption  maximum  of  the  short-wave- length  band  by  50  A  (Fig.  1,  curves  1  and  8).  This 
can  be  explained  by  salt  formation  at  the  carboxyl  group.  A  similar  optical  picture  is  evident  during  salt  forma¬ 
tion  with  benzoic  and  o-aminobemcoic  acids  [18]  (see  Fig.  1,  curves  10-13). 

An  excess  of  the  base  (salicylic  acid  in  1  M  ethanolic  sol  ition  of  sodium  ethylate)  brings  about  a  batho- 
chromic  shift  of  the  absorption  maximum  of  the  long- wave- length  band  of  110  A.  and  the  maximum  of  the  short¬ 
wave-length  band  is  shifted  in  the  same  direction  by  50  (see  Fig.  1.  curves  1  and  9).  This  may  be  explained 
by  salt  formation  at  both  the  carboxyl  and  the  hydroxyl. 

A  similar  bathochromic  shift  of  the  maximum  during  salt  formation  at  a  hydroxyl  group  has  been  observed 
for  phenol  [O]  (see  Fig.  3,  curves  9  and  10). 
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b)  p-Mydroxybonzoic  acid.  Experimental  data  on  the  absorption  of  solutions  of  p-hydroxybenzoic  acid 
are  shown  in  Fig.  2.  As  Fig.  2  shows  (curves  1-4),  the  absorption  spectrum  of  p-hydroxybenzoic  acid  in  ethanol 
is  substantially  different  from  the  spectrum  of  salicylic  acid.  The  spectrum  of  p-hydroxybenzoic  acid  is  of  the 
"para  type,"  which  is  characteristic  of  para-disubstituted  benzenes  in  which  one  substituent  is  an  electron  donor 
(in  our  case,  the  hydroxyl)  and  the  other  is  an  electron  acceptor  (the  carboxyl)  [12]. 

The  spectrum  of  p-hydroxybenzoic  acid,  in  contrast  to  the  spectrum  of  salicylic  acid  considered  above, 
may  be  generated  from  the  spectrum  of  phenol,  which  has  one  absorption  band;  it  cannot  be  generated  from  the 
spectrum  of  benzoic  acid,  since  this  spectrum  has  two  absorption  bands.  The  introduction  of  a  caiboxyl  group 
into  the  para  position  of  the  phenol  molecule  increases  the  intensity  of  the  absorption  by  a  factor  of  more  than 
19,  and  there  is  a  hypsochromic  shift  of  the  absorption  maximum  of  90  A.  This  type  of  spectrum  characterizes 
the  strong  interaction  of  the  electron  donor  hydroxyl  with  the  electron  acceptor  carboxyl  in  the  para  position 
through  the  pi  electron  system  of  the  benzene  ring. 

The  absorption  spectrum  of  p-hydroxybenzoic  acid  was  not  changed  substantially  by  the  various  neutral 
solvents;  however,  as  may  be  seen  from  Fig.  2,  the  absorption  maximums  underwent  certain  shifts  depending  on 
the  solvent,  which  indicates  interaction  of  the  p-hydroxybenzoic  acid  molecule  with  solvent  molecules. 

Thus,  upon  comparing  the  absorption  curves  of  p-hydroxybenzoic  acid  in  the  different  neutral  solvents 
(Fig.  2,  curves  1,  5-8),  we  note  that  the  absorption  curve  for  the  ethanol  solution  has  an  indistinct  curvature  in 
the  region  of  2800- 2G60  A;  the  same  thing  is  observed  on  the  absorption  curves  for  the  water  and  dioxanc  solu¬ 
tions.  The  absorption  curve  for  the  solution  in  a  mixture  of  hexane  and  ether  has  a  group  of  low- intensity  max¬ 
imums  in  this  wave-length  interval.  According  to  Valyashko  [13],  in  contrast  to  the  "ortho  bands"  of  the  ortho 
and  meta  isomers,  the  "para  band"  of  p-disubstituted  benzenes  in  solution  in  neutral  solvents  is  manifested  in  a 
direction  contrary  to  the  rule  of  Kundt. 

Thus,  in  the  case  of  p-hydroxybenzoic  acid,  with  a  transition  from  nonpolar  solvents  (from  a  mixture  of 
hexane  and  ether  to  dioxane,  ethanol,  and  water)  the  maximum  of  the  "para  band"  is  shifted  toward  a  longer 
wave  length,  and  the  fine  structure  of  the  band,  which  is  apparent  in  the  spectrum  of  p-hydroxybenzoic  acid  in 
hexane-etlier  mixture,  does  not  appear  in  the  spectra  of  solutions  in  the  polar  solvents  (Fig.  2,  curves  5-7). 

Since  p-hydroxybenzoic  acid  behaves  contrary  to  Kundt's  rule,  it  may  be  assumed  that  with  the  transition 
from  nonpolar  to  polar  solvents  dissociation  of  the  p-hydroxybenzoic  acid  complexes  formed  by  intermolecular 
hydrogen  bonding  takes  place-  This  confinned  by  the  batliocliromic  shift  of  the  absorption  maximum  of  120  A 
and  by  a  number  of  other  physicochemical  data  [20-25]. 

Figure  2  shows  the  absorption  curves  of  p-hydroxybenzoic  acid  in  an  cthanolic  solution  of  sodium  ethylate 
(curves  11  and  12).  Under  the  influence  of  the  small  amount  of  base  (curve  11)  the  absorption  maximum  is  hy- 
psochromically  sliifted  by  130  A,  and  this  can  be  explained  by  salt  formation  at  only  the  hydroxyl  group. 

The  effect  of  an  excess  of  sodium  ethylate  (Fig.  2,  curves  1  and  12)  Is  to  cause  a  bathochromic  shift  of  the 
absorption  maximum  of  160  A.  This  type  of  optical  picture  can  be  explained  by  the  formation  of  the  disodium 
salt  (both  at  the  carboxyl  and  at  the  hydroxyl  group)  (cf.  Fig.  3,  curves  9  and  10).  Thus,  in  the  investigation  of 
the  spectra  of  p-hydroxybenzoic  acid  in  aUtalinc  solutions  there  were  observed  the  same  regularities  as  were  ob¬ 
served  in  the  spectra  of  salicylic  acid  considered  above. 

c)  m-Ilydroxybenzoic  acid.  The  experimental  data  on  the  absorption  of  m-hydroxybenzoic  acid  are 
presented  in  Fig.  3.  It  may  be  seen  by  examination  of  Fig.  3  that  m-hydroxybenzoic  acid  has  an  "ortho- type" 
spcctium,  wliicli  differs  from  die  spectrum  of  salicylic  acid  in  that  die  entire  curve  is  shifted  toward  the  ultra¬ 
violet  and  in  tiiat  the  intensity  of  die  long- wave -lengtii  band  is  lower.  This  indicates  diat  diere  is  consider¬ 
able  weakening  of  die  interaction  lietwecn  die  electron  donor  hydroxyl  and  the  electron  acceptor  carboxyl  in 
the  meta  position;  it  also  indicates  an  associated  stabilization  of  die  electronic  structure  of  die  molecule . 
Direct  interaction  between  substituents  dirough  die  formation  of  hydrogen  bonds  is  also  absent;  diis  is  con - 
firmed  by  die  Raman  spectrum  [24,25]. 

From  a  consideration  of  the  absorption  curves  of  solutions  of  m-hydroxybenzoic  acid  in  hexane-ether  mix¬ 
ture,  carbon  tetrachloride,  ethanol,  water,  and  dioxanc  (Fig.  3,  curves  1  and  3-6).  it  may  be  said  that  the  effect 
of  solvent  polarity  on  the  molecules  of  m-hydroxybenzoic  acid  is  less  sharply  expressed  than  it  is  in  the  case  of 
salicylic  acid  (cf.  Fig.  1,  curves  1  and  4-7).  This  indicates  the  absence  of  hydrogen  bonding  of  the  m-hydroxy¬ 
benzoic  acid. 
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With  the  transition  to  a  strongly  dissociating  solvent- water  (Fig.  3,  curve  5)- there  is  formation  of  the 
m-hydroxybenzoic  acid  anion,  and  the  absorption  maximum  approaches  the  maximum  obtained  in  ethanol  to 
which  has  been  added  2  moles  of  sodium  ethylate  per  mole  of  acid  (Fig.  3.  curve  7). 

Comparing  the  absorption  curves  for  solutions  of  m-hydroxybenzoic  acid  in  ethanol  and  in  cthanollc  solu¬ 
tions  of  sodium  ethylate,  we  see  an  optical  effect  due  to  salt  formation  at  the  carboxyl.  The  absorption  maximum 
undergoes  a  hypsocliromic  shift  of  90  A  under  the  inilueiicc  of  2  moles  of  sodium  ethylate  (Fig.  3.  curves  1  and  7). 
The  effect  of  an  excess  of  the  base  (solution  in  an  0.1  M  i;thanolic  solution  of  C2H50Na)  is  to  cause  the  formation 
of  the  disodiuin  salt,  which  causes  a  bailiociiromic  shift  of  tiie  absorption  maximum  of  70  A  (Fig.  3,  curves  1  and  8). 

In  considering  the  chemical  properties  of  o-  and  p-liydroxybenzoic  acids,  notice  should  be  taken  of  their 
chemical  similarity,  which  is  due  to  the  conjugated  orientating  effect  of  the  two  substituents  on  the  benzene  ring. 
The  o-  and  p-hydroxybenzoic  acids  readily  decarboxylate  with  the  formation  of  phenol,  and  they  are  readily 
brominated,  nitrated,  and  sulfonated.  m-Hydroxybeiizoic  acid  is  chemically  very  stable;  it  docs  not  decarboxylate, 
and  it  is  very  difficult  to  brominate.  nitrate,  and  sulfonate. 

Thus,  the  chemical  properties  of  o-  and  p-hydroxybcnzoic  acids  indicate  lability  of  the  electronic  struc¬ 
tures  of  their  molecules,  while  m-hydroxybenzoic  acid  has  a  more  stable  structure.  This  is  confirmed  by  our 
spectroscopic  investigations,  which  have  been  discussed  above. 

As  many  investigations  have  shotvn  [26-30],  molecules  which  are  active  in  a  chemical  respect  are  highly 
active  in  a  pharmacological  respect.  This  conclusion  is  in  accordance  with  die  fact  that  o-  and  p-hydroxybenzoic 
acids  possess  a  scries  of  specific  piopertics,  bactericidal  and  antiseptic  actions.  Salicylic  acid  is  effective  in 
rheumatism,  and  it  strongly  depresses  the  nervous  system  and  medulla  oblongata.  It  should  be  noted  that  these 
pharmacological  properties  are  wcalcly  expressed  or  are  entirely  absent  in  phenol  and  benzoic  acid  (for  example, 
antirheumatic  action).  Moreover,  salicylic  acid  exerts  its  effect  both  in  neutral  and  in  weakly  alkaline  media, 
while  p-hydroxybcnzoic  acid  exerts  its  effect  only  in  a  neutral  medium.  m-Hydroxybenzoic  acid  is  pharmacolo¬ 
gically  inactive. 


SUMMARY 

1,  The  ultraviolet  absorption  spectra  of  hydroxybenzoic  acids  have  been  investigated.  From  an  investiga¬ 
tion  of  the  spectra  and  a  consideration  of  the  chemical  properties,  it  is  sliown  that  o-  and  p-hydroxybenzoic  acid 
molecules  have  a  labile  structure,  while  the  meta  isomer  is  rather  stable. 

2.  It  has  been  established  that  o- hydroxybenzoic  acid  has  a  strong  intramolecular  hydrogen  bonding,  which 
is  retained  even  during  salt  formation  (formation  of  tlie  monosodium  salt).  The  intcrmolccular  hydrogen  bonding 
in  p-hydroxybenzoic  .acid  is  disrupted  during  salt  formation,  while  hydrogen  bonding  is  generally  absent  in  m- 
hydroxybenzoic  acid. 
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HALOGENATION  OF  AROMATIC  SILANES 


VII.  PREPARATION  AND  PROPERTIES  OF  CHLORINE  DERIVATIVES 
OF  PHENYLMETHYLDICIlLOROSn^NE  CONTAINING  A  CHLORINE  ATOM 
IN  THE  METHYL  GROUP 

G.  V.  Motsarcv  and  V.  R.  Rozenberg 

Translated  from  Zhurnal  Obshchci  Khimii,  Vol.  30,  No.  9,  pp.  3011*3015, 
September,  19G0 

Original  article  submitted  July  31,  1959 


In  previous  communications,  one  of  us  together  with  A.  Ya.  Yakubovich  described  the  synthesis  of  chlorine 
substituted  pile nyltrichlorosilane  [1],  diphenyldichlorosilane  [2],  benzyltrichlorosilane  [3],  and  p*tolyItrichloro- 
silanc  [4].  The  synthesis  of  these  compounds  was  accomplished  by  chlorination  of  the  indicated  silanes  in  the 
prc.scnce  of  catalysts  commonly  used  for  halogcnaticn  of  aromatic  compounds  (metallic  iron.  SbCls).  More 
recently,  using  benzyl-  and  p-tolyltrichlorosilanes  [5]  as  well  as  methylchlorosilancs  [6],  we  established  that  it 
Ls  possible  to  initiate  clilorination  of  organosilicon  compounds  by  elemental  chlorine  using  azobisisobutyronitrlle 
as  the  initiator,  and  we  used  this  method  to  prepare  chlorine  derivatives  of  these  silanes  containing  a  chlorine 
atom  in  the  alkyl  group.  Chlorination  of  the  aromatic  ring  was  not  observed  under  these  conditions. 

In  a  continuation  of  our  investigation  in  tlie  field  of  the  synthesis  of  halogen- substituted  alkyl-  and  aryl- 
chlorosilanes,  we  selected  phenylmcthyldichlorosilanc  as  the  next  object  of  investigation.  Since  halogenation 
of  phenylmcthyldichlcro.nlanc  has  not  been  described  in  the  literature,  it  seemed  of  interest  to  determine  whether 
it  is  possible  to  synthesize  chlorine-substituted  derivatives  of  phenylmethyldichlorosilane  containing  chlorine  atoms 
in  the  methyl  group  and  aromatic  ring. 

The  present  communication  reports  the  synthesis  of  chlorine  derivatives  of  phenylmethyldichlorosilane  con¬ 
taining  chlorine  atoms  in  the  methyl  jn’oup.  In  preparing  these  compounds,  we  initiated  chlorination  of  the  phcnyl- 
methyldichlorosilane  by  means  of  azobisisobutyronitrile. 

It  would  naturally  be  expected  that  chlorination  of  phenylmethyldichlorosilane  in  the  presence  of  azobisiso¬ 
butyronitrile.  like  chlorination  of  incihylchlorosilanes.  would  proceed  by  a  chain  mechanism  and  would  lead  to 
the  formation  of  all  possible  products  of  substitution  in  the  methyl  group. 

It  was  found  that  the  degree  of  chlorination  of  the  methyl  group  in  pheiiylmethyldichlcrosilane  depends 
on  the  mole  ratio  of  silane  to  chlorine-  It  was  also  found  that  the  same  rules  hold  here  as  hold  in  the  chlorination 
of  methylchlorosilancs  [6].  With  phenylmethyldichlorosilane.  as  with  the  methylclilorosilanes  the  ability  of  a 
chloromethyl  group  to  undergo  chlorii*ation  with  greater  ea.se  than  an  unsubstittited  metliyl  group  was  clearly  ap¬ 
parent.  In  consideration  of  this  fact,  chlorination  of  phenylmethyldichlorosilane  with  the  aim  of  obtaining  a 
monochloro  derivative  containing  the  chlorine  atom  in  the  methyl  group  was  carried  out  in  such  a  manner  that  a 
significant  amount  of  unreacted  original  silane  always  remained  in  the  reaction  mixture. 

The  experiments  carried  out  in  tlie  present  work  showed  that  with  a  mole  ratio  of  CGH5(CH3)SiCl2  to  Cl2  = 

=  1 :  0.5.  the  yield  of  phenylchloromethyldichlorosilane  amounted  to  42.0*70  (calculated  on  the  silane  reacted); 
in  this  case,  over  70*7^  of  the  original  silane  was  recovered  unchanged.  In  spite  of  the  small  degree  of  chlorination 
(about  257‘^ conversion),  under  these  conditions  we  were  not  able  to  avoid  completely  the  formation  of  polychloro 
derivatives  (see  Experimental). 
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It  is  interesting  that  while  chlorination  of  (CIl3)7SiCl2  initiated  by  azobisisobutyronitrilc  takes  place  readily 
at  60*.  CcH5(CH3)SiCl2  chlorinates  with  difficulty  under  these  conditions  (a  considerable  amount  of  chlorine  passed 
through  the  reaction  mixture  during  the  chlorination).  An  increase  in  the  chlorination  temperature  to  110-120* 
accelerated  the  reaction  appreciably.  This  difference  in  chlorination  temperatures  exhibited  by  (CH3)2SiCl2  and 
C6H5(CH3)SiCl2  can  apparently  be  explained  by  steric  hindrance  in  the  phenylmethyldichlorosilane  molecule 
caused  by  the  presence  of  the  phenyl  group  at  the  silicon  atom. 

Exhaustive  chlorination  of  phenylmethyldichlorosilane  in  the  pre.sence  of'azobisisobutyronitrile  (110-120*. 
mole  ratio  of  C6H5(CH3)SiCl2  to  CI2  of  1  :  3.5)  led  to  the  formation  of  phenyltrichloromethyldichlorosilane  in  a 
yield  of  90%  The  initiated  chlorination  of  phenylmethyldichlorosilane  occurs  under  these  conditions  without  any 
sign  of  cleavage  of  the  reactants  or  of  the  reaction  products  at  C-Si  bonds.  The  over-all  consumption  of  initiator 
was  not  more  than  0  5% by  weight  of  the  original  silane. 

The  mono-  and  trichloromethyl  derivatives  of  phenylmethyldichlorosilane  were  isolated  as  chemical  indi¬ 
viduals  for  the  first  time  in  the  present  work.  These  compounds  are  colorless,  mobile  liquids  which  fume  in  air. 
They  can  be  distilled  under  vacuum  without  decomposition,  and  are  readily  soluble  in  organic  solvents. 

The  boiling  points,  densities,  and  indices  of  refraction  of  these  chlorine  derivatives  increase  with  an  increase 
in  the  chlorine  content  of  the  methyl  group.  Under  the  influence  of  a  40%  solution  of  KOH.  these  compounds  hy¬ 
drolyze  at  an  Si“Cl  bond  with  simultaneous  cleavage  of  the  chloromethyl  group  from  the  silicon  atom,  which 
results  in  the  formation  of  the  corresponding  chloromethane  and  a  polyphenylsiloxane  resin.  Thus,  when 
C6H5(CCl3)SiCl2  was  allowed  to  react  with  a  40% solution  of  KOH.  chloroform  (87.2%)  and  a  polyphenylsiloxane 
resin  (80%)  were  separated  from  the  reaction  products.  Analysis  of  the  polysiloxane  indicated  the  composition 
(C6H5SiOi,5)jy  and  the  resin  did  not  contain  chlorine-  The  reaction  proceeded  according  to  the  scheme: 

C6H5(CCl3)SiCl2  +1120^-  CIICI3  +  (CcHgSiOi.syn  +  KCl 

That  the  alkaline  hydrolysis  of  phenyltrichloromethyldichlorosilanc  yielded  chloroform  and  a  polyphcnyl- 
siloxanc  resin  which  did  not  contain  chlorine  is  persuasive  proof  that  substitution  takes  place  exclusively  in  the 
methyl  group  and  tliat  chlorination  of  the  aromatic  ring  docs  not  take  place  during  chlorination  of  phenylmcthyl- 
dichlorosilanc  in  the  presence  of  azobisisobutyronitrilc. 

Under  the  influence  of  water.  CGll5(CCl3)vSiCl2  hydrolyzes  at  Si“Cl  and  Si-C^iiph.  bonds;  however,  the 
reaction  does  not  proceed  to  completion  in  this  case,  as  is  confirmed  by  the  presence  of  chlorine  (4.2%)  in  the 
resulting  resin.  The  presence  of  chlorine  in  the  resin  is  due  to  incomplete  removal  of  CCI3  groups  from  the 
silicon  atom.  This  agrees  well  with  the  low  yield  of  chloroform  (56.2%)  which  is  obtained  during  acid  hydrolysis 
of  phenylmethyldichlorosilane. 

The  interaction  of  the  mono-  and  trichloro  drivatives  of  phenylmethyldichlorosilane  with  ethyl  alcohol 
gives  the  corresponding  phenylchloromethyidiethoxysilanes. 

C6H5(CH3-nCln)SiCl2  2C2H5OH  ->C6H5(CH3-nCln)Si(OC2H5)2  +  2HC1. 

Phcnylchloromcthyldictlioxysilanc  (70.5%  yield)  and  phenyltrichloromechyldiethoxysilanc  (84.1%  yield) 
were  synthesized  for  the  first  time  by  means  of  this  reaction;  these  compounds  are  colorless  liquids  with  an  ether- 
like  odor.  The  properties  and  analyses  of  the  compounds  prepared  in  the  present  work  arc  presented  in  the  table. 

EXPERIMENTAL 

Chlorination  of  phcnylmcthyldiclilorosilanc  in  the  presence  of  azobisisobut\Tonitrilc.  A  mixture  of  176  g 
of  phenylmethyldichlorosilane  [b.p.  85-86°  (10  mm).  n^'^D  1.5162,  1-1'?67]  and  azobisisobutVTonitrile  (0.05% 

by  Weight  of  the  silane)  was  charged  to  a  column  (250  mm  height,  40  mm  diameter);  the  height  of  the  liquid 
layer  was  ICO  mm.  The  mixture  was  heated  to  120°,  and  gaseous  chlorine  was  passed  tlirougii  a  porous  glass  disc 
into  the  mixture  for  a  period  of  2  hr  at  a  rate  of  16.2  g/hj  (mole  ratio  of  Cf,IIr;(Cn3)SiCl2  to  CI2  of  1  :  0.5). 

Initiator  was  added  to  the  reaction  mixture  periodically  as  the  liberation  of  llCl  decreased  (the  total  initiator  did 
not  exceed  0.3% of  the  weight  of  silane).  After  the  reaction  mixture  had  been  purged  with  dry  nitrogen,  the  weight 
increase  was  13  g  (as  compared  to  15.5  g  required  for  clilorination  to  the  monochloro  derivative).  The  density  of 
the  reaction  mixture  after  chlorination  was  1.2378  (20‘),  r3istillation  of  the  chlorination  products  under  vacuum 
(11  mm)  in  a  column  having  an  efficiency  of  10  theoretical  plates  gave:  first  fraction,  b  p.  83-88°,  126.2  g; 
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second  fraction,  b.p.  88-105',  11.5  g;  third  fraction,  b  p.  105-113*. 

30.2  g;  fourth  fraction,  b.p.  113-122’,  8.1  g.  The  first  fraction  was 
unreacted  phenylinethyldichlorosilanc-  A  second  distillation  of  the 
third  fraction  gave  25.2  g  of  a  liquid  vrith  a  b.p.  of  108-109’  (11  mm), 
which,  according  to  its  analysis,  was  phcnylchloromethyldichlorosilane. 
The  yield  was  42.6'yo,  calculated  on  the  phenylinethyldichlorosilanc 
reacted.  Analysis  of  the  fourth  fraction  (n^^D  1.5460,  d^®20  1,3958, 
51.5‘yoCl)  showed  that  it  contained  products  resulting  from  deeper 
chlorination  of  the  phcnylmethyldichlorosilane- 

Chlorination  of  the  phenylinethyldichlorosilanc  to  the  trichloro- 
methyl  derivative  was  carried  out  in  a  similar  manner  with  an  appro¬ 
priate  increase  in  the  amount  of  chlorine  fed. 

Chlorination  of  172  g  of  phenylmethyldichlorosilane  for  8  hr 
and  20  min  [chlorine  rate  26.9  g/hr,  mole  ratio  of  C6H5(CH3)SiCl2 
to  CI2  of  1  ;  3.5.  0.5%  initiator]  gave  265.4  g  of  a  colorless  liquid 
(d  20  1.4934).  Vacuum  distillation  (10  mm)  of  tliis  material  in  a 
column  gave  237.4  g  of  phenyltrichloromcthyldichlorosilane.  The 
yield  was  90%,  calculated  on  the  phenylmethyldichlorosilane  charged 
to  the  reaction.  The  physical  constants  of  the  chlorination  products 
and  the  analytical  results  are  shown  in  the  table. 

Preparation  of  phcnylchloronicthyldiethoxysilane.  To  25  g  of 
phenylmcthyldichlcrosilanc  was  added,  v.dth  vigorous  stirring.  19  ml 
of  anhydreus  alcohol  at  a  rate  such  that  the  temperature  of  the  reac¬ 
tion  mixture  did  not  exceed  20’  (the  reaction  mixture  was  cooled 
with  ice  water).  The  hydrogen  chloride  formed  during  the  reaction 
was  purged  with  dry  nitrogen.  After  addition  of  the  entire  amount 
of  alcohol  had  been  completed,  the  reaction  mixture  was  heated  on 
a  water  bath  at  80’  for  an  hour,  and  nitrogen  was  passed  through  the 
liquid  until  hydrogen  chloride  was  no  longer  evolved  (as  indicated 
by  testing  with  congo  red  paper).  The  products  v/cre  distilled  under 
reduced  pressure.  There  was  obtained  19.1  g  (70.5%)  of  phenylchloro- 
meihyldiethoxysilane. 

Preparation  of  phenyltrichlorowicthyldiethoxysilanc.  From  70  g 
of  phenyliricliloromethyldichlorosilane  and  35  ml  of  anhydrous  alcohol 
was  obtained  62.7  g  (84.1%)  of  phenyltrichloromethyldiethoxysilane. 

Hydrolysis  of  phenyltrichloromethyldichlorosilane.  a)  In  an 
alkaline  medium.  To  a  49% solution  of  potassium  hydroxide  (20  g 
of  KOII  in  30  ml  of  water),  contained  in  a  flask  fitted  tvith  a  reflux 
condenser,  was  added  dropwisc  and  with  vigorous  stirring  10  g  of 
phenyltrichloromethyldichlorosilane.  The  temperature  of  the  reaction 
mixture  rapidly  increased  to  60’.  V/hen  the  addition  was  complete, 
the  mixture  was  maintained  for  an  hour  under  moderate  boiling  and 
then  distilled.  There  was  obtained  3.5  g  (87.2%)  of  chloroform  with 
a  b.p.  of  60r61*  n^^D  1,4463,  d‘’4  1.4888,  That  portion  of  the  reac¬ 
tion  mixture  remaining  in  the  flask  after  distillation  of  the  chloro¬ 
form  was  extracted  with  a  mixture  of  50  ml  of  benzene  and  10  ml 
of  n- butyl  alcohol,  neutralized  by  shaking  with  10% hydrochloric 
acid,  and  allowed  to  stand.  The  upper,  organic  layer  was  separated 
from  the  lower,  aqueous  layer.  The  organic  layer  was  washed  several 
tinres  with  water  until  a  test(AgN03)  for  chlorine  ion  in  the  wash  water 
was  negative.  It  was  then  dried  with  sodium  .sulfate  and  evaporated  to 
dryness.  There  was  obtained  3.4  g  (80.0%)  of  a  transparent,  brittle, 
yellow  resin,  which,  accordingto  its  analysis,  had  the  composition 

(CgHsSiOi.s)!,. 
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Found  C  55.62.  55.73;  H  3.49,  3.62;  Si  21.59.  21.72.  (CcHsSiOi.j)  .  Calculated  C  55.81;  H  3.87; 

Si  21.70.  " 

A  special  analysis  of  the  resin  for  chlorine  content  gave  negative  results. 

b)  In  an  acid  medium.  Hydrolysis  of  10  g  of  phenyltrichloromethyldichlorosilane  with  50  ml  of  water  by 
a  method  similar  to  that  described  above  gave  2.2  g  (56.2^70)  of  chloroform  and  4.1  g  (95.3*70)  of  polypheny  Is  iloxane 
resin  containing  4.2*70 chlorine. 


SUMMARY 

1.  It  was  established  that  chlorination  of  phenylmethyldichlorosilane  initiated  by  azobisisobutyronitrile 
(110- 120*)  gives  chlorine  derivatives  of  phenylmethyldichlorosilane  in  which  the  additional  chlorine  atoms  are 
exclusively  in  the  methyl  group.  Chlorination  of  the  aromatic  ring  of  phenylmethyldichlorosilane  does  not 
occur  in  these  cases. 

2.  Chlorination  of  phenylmethyldichlorosilane  in  the  presence  of  azobisisobut)Tonitrile  takes  place  without 
cleavage  of  the  C“Si  bond. 

3.  Phenylchloromethyldichlorosilane  and  phenyltrichloromethyldichlorosilane,  which  have  not  previously 
been  described,  were  isolated,  and  their  properties  were  studied. 

4.  Phenylchloromethyldiethoxysilane  and  phenyltrichloromethyldiethoxysilane  were  synthesized  and  char¬ 
acterized  for  the  first  time . 
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THE  PREPARATION  AND  PROPERTIES  OF  8  -AMINO 
AND  6- ARYLAMINOETHOXYSILANES 

K.  D.  Petrov.  E.  S.  Lagucheva,  and  V.  L  Pukhova 

Translated  from  Zhurnal  Obshchei  Khimii.  Vol.  30.  No.  9.  pp.  3015-3017, 
September.  1960 

Original  article  submitted  August  15.  1959 


K.  A.  Andrianov  and  M.  V.  Sobolevskii  [1]  have  described  8 -aminocthoxysilanes,  which  they  prepared 
by  the  interaction  of  ethanolaniinc  with  tetraethoxysilane  in  an  aqueous  medium.  Wc  have  now  prepared  new 
represeniaiives  of  tliis  scries  of  compounds:  mcthylvinv ldi(8  - aminoethoxy)silane,  methylvinyldi(3 -phenylamino- 
cthoxy)silane.  metliylvinyldi(8  -2.5-dichlorophenylaminoethoxy)silane.  tetT3(8  -phenylaminoethoxy)silane,  and 
tetra(8 -2.5-dichlorophcnvlaminocthoxy)silanc  (see  table).  Synthesis  of  these  compounds  was  accomplished  by 
the  interaction  of  methylvinyldietlioxysilane  and  tetraethoxysilane  with  the  appropriate  a- amino  alcohols  ac¬ 
cording  to  the  scheme: 

HoSi(()(:ii.,oii.ii,,-|-  2irNH(;iio(;ii.2()n  — H2J^i(ocn.,r,HoNFiu')2  4-  ch^iCHjOH. 

K  =  ciij.  cH=^rn, andocMicn,;  n'  =  n.  r„n, andc,n,ci,. 

These  substances  are  viscous  oils.  Methylvinyldi(8 -2,5-dichlorophenylaminoethoxy)silane  has  a  tendency 
to  polymerize.  '  * 


EXPERIMENTAL 

The  methylvijiyldicrhoxysilane  v/as  prepared  from  mcthylvinyldichlorosilane,  which,  in  turn,  was  prepared 
by  the  method  described  by  A.  D.  Petrov  and  co-vrorkers  [2].  The  starting  materials  for  the  preparation  of  the 
aminocthoxysilanes  (see  table  for  ratios)  and  catalyst  (sodium  methylate)  were  placed  in  a  round- bottom  flask 
fitted  with  a  Vij^reux  column,  and  were  heated  on  an  oil  bath.  The  resulting  ethanol  was  initially  distilled  at 
atmospheric  pressure  and  final  distillation  was  under  slightly  reduced  pressure.  The  reaction  products  were  frac¬ 
tionated  under  reduced  pressure.  The  substances  obtained  in  Expts.  4  and  5  were  not  distilled.  They  were  freed 
from  impurities  by  heating  (under  a  vacuum  of  4-5  mm)  on  an  oil  bath,  the  temperature  of  which  reached  200* 
at  tile  end  of  the  process. 


SUMMARY 

The  synthesis  and  properties  of  methylvinyldi(8 -aminoethoxy)silane.  mcthylvinyldi(8 -phenylamino- 
ethoxy)silanc.  meihylvinyl<li(8  -2.5-dichlorophcnylaminoethoxy  )silane,  tetra  (8 -phenylaminoethoxy)silane 
and  tetra(8 -2.5-dichlorophenylaminocthoxy)silane  have  been  described. 
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Boiling  point 

Reactants  and  catalyst  Formula  of  product  (pressure  in  Found  (%)  Calc.  (%) 
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REACTIONS  OF  MERCURY  (II)  CAPRATE  WITH  PEROXIDES 

I 

Yu.  A.  Ordckop  and  N.  A.  Maier  j 

Institute  of  Physical  Organic  Chemistry.  Academy  of  Sciences  Belorussian  SSR  ' 
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September.  1960 

Original  article  submitted  September  19,  1959 

It  is  well  known  that  under  the  influence  of  peroxides,  mercuric  acetate  and  propionate  undergo  free  radical 
cham  decarboxylation  with  tile  fonnation  of  organomercury  compounds  of  the  general  formula  RHgOCOR  [1-3]. 

It  therefore  seemed  of  interest  to  determine  whether  this  reaction  is  general  for  mercury  salts  of  aliphatic  acids. 

With  this  aim.  we  have  studied  the  reaction  of  mercury  (II)  n-caprate  with  di-n-capryl  [didecanoyl]  and  benzoyl 
peroxides  in  a  benzene  medium. 

The  reaction  of  mercury  (II)  n-caprate  with  di-n-capryl  peroxide  gave  the  n-nonyl  salt  in  a  yield  of  46.5‘7a 
The  phenylmercury  salt  was  also  obtained  in  the  reaction  (16.5%).  In  addition,  unreacted  mercury  (II)  n-caprate. 
mercury  (I)  n-caprate,  n-capric  acid,  and  n-nonyl  alcohol  were  isolated.  The  gas  resulting  from  the  reaction  con¬ 
tained  CO2  and  traces  of  CO.  ] 

The  n-nonylmercury  salt  was  not  formed  during  the  reaction  of  mercury  (II)  caprate  with  benzoyl  peroxide.  ' 

The  phenylmercury  salt  was  obtained  in  88.5%  yield.  In  addition,  metallic  mercury  and  mercury  (I)  and  mercury  (II) 
n-caprates  were  obtained.  The  gas  formed  in  the  reaction  contained  COj  and  CO. 

It  follows  from  these  data  that  in  the  reaction  of  mercury  (II)  n-caprate  with  peroxides,  replacement  of  the 
C9Hi9C02'  radical  of  the  salt  by  an  R’  radical  formed  by  thermal  decomposition  of  the  peroxide  takes  place. 

(Rc62)2  — »  211C0.2-;  nco.,.  — >  R.  -f  CO2 
=  or 

R-  h  CnlliftCOOUgOCOCoHio  — >  RIlgOCOCoHm  +  C9H19COO. 

The  CglljgCOO*  radical  (secondary)  from  the  salt  can  decompose,  giving  CO2  and  C9Hj9‘;  this  follows  from 
a  comparison  of  the  amount  of  peroxide  introduced  (0.02  mole)  with  the  amount  of  CO2  liberated  (0.0488  mole) 
in  the  experiment  with  dicapryl  peroxide. 

However,  the  CgllijCOO-  and  CgHj^*  radicals  (secondary)  do  not  cause  decomposition  of  the  mercury  caprate, 
and  a  chain  reaction  does  not  take  place.  This  proved  by  the  absence  of  the  n-nonylmercury  salt  from  the  products 
of  the  reaction  with  benzoyl  peroxide. 

The  fonnation  of  n-capric  acid  and  nonyl  alcohol  can  probably  be  attributed  to  saponification  of  nonyl 
caprate  (esters  are  the  usual  products  of  the  decomposition  of  diacyl  peroxides).  Additionally,  the  n-capric  acid 
could  have  been  formed  by  abstraction  of  a  hydrogen  atom  by  the  CgHjpCOO"  radical. 

The  formation  of  the  phenylmercury  salt  during  the  reaction  with  dicapryl  peroxide  can  be  explained  only 
by  mercuration  of  the  benzene  medium  by  mercury  caprate.  Indeed,  mercuration  of  benzene  by  mercury  caprate 
in  the  absence  of  a  peroxide  gave  the  phenylmercury  salt  in  a  yield  of  80%  In  the  experiment  with  dicapryl 
peroxide,  the  radical- substitution  reaction  was  obviously  concurrent  with  the  mercuration  reaction,  and  the  yield 
of  phenylmercury  salt  amounted  to  only  16.5%  In  the  case  of  benzoyl  peroxide,  both  reactions  lead  to  the 
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fcimation  of  the  phcnylmcrcury  salt,  and  the  question  of  the  predominance  of  one  reaction  or  the  other  remains 
open.  The  formation  of  CO  may  be  explained  as  indicated  previously  [3]. 

EXPERIMENTAL 

The  mercury  (II)  n-caprate  was  prepared  from  sodium  n-caprate  and  c.p.  mercuric  nitrate;  its  m  p.  was 
133“.  n-Capryl  chloride  was  prepared  from  n-capric  acid  (VTU  18-57,  "purified" )  and  thionyl  chloride;  b.p. 

104- lOG*  (10  mm),  .113.5- 114.5“  (15  mm);  n^D  1.4410. 

The  di-n-capryl  peroxide  was  prepared  by  the  method  described  in  reference  [4],  and  was  purified  by 
methanol  precipitation  from  solution  in  methylene  chloride;  m.p.  39-40’;  iodometxic  titration  gave  a  peroxide 
content  of  96.2%, 

The  reactions  were  carried  out  in  the  apparatus  previously  described  [1].  Analysis  of  the  gas  was  carried 
out  with  a  VTl-2  gas  analyzer  and  with  a  Kh-IM  chromathennographic  gas  analyzer  [1]. 

Reaction  of  mercury  (H)  n-caprate  with  di-n-capryl  peroxide  in  benzene  at  80“.  A  solution  of  7.15  g  of 
dicapryl  peroxide  in  30  ml  of  benzene  was  added  to  a  preheated  mixture  of  16.28  g  of  mercury  (II)  n-caprate 
and  70  ml  of  benzene,  and  tlie  resulting  mixture  was  heated  and  stirred  for  4  hr.  The  resulting  gas  was  collected 
and  was  found  to  contain  1093  ml*  of  CO2  and  traces  of  CO.  Filtration  of  the  reaction  mixture  separated  2.51  g 
of  mercury  (I)  n-caprate  (tests  with  NH4OH.  KCl,  KI).  The  yield  was  22.5%  KBr  was  added  to  the  filtrate,  and 
the  benzene  was  distilled  from  the  mixture.  The  residue  was  steam  distilled  The  kettle  residue  was  filtered  hot, 
and  the  precipitate  was  washed  with  boiling  water.  The  precipitate  was  treated  with  boiling  petroleum  ether, 
and  1.77  g  of  phcnylmcrcury  bromide  was  obtained;  m.p.  272“  (from  acetone).  A  mixture  with  a  pure  sample  of 
the  material  sliowed  no  depression  ot  the  melting  point.  The  yield  was  16.5%  From  the  petroleum  ether  solution 
was  obtained  4.9  g  of  n-nonylniercury  bromide;  m.p.  109-110“.  The  aqueous  solution  was  cooled,  and  0.78  g  of 
material  with  an  m.p.  of  109’  (from  methanol)  was  obtained.  The  over-all  yield  of  n-nonylmcrcury  bromide  was 
5. 68  g  (46.5%).  Tile  mother  lu'.uor  was  saturated  v;ith  hydrogen  sulfide,  and  the  precipitated  mercurous  sulfide 
was  waslied  with  methanol;  the  weight  was  0.83  g  (11.9%), 

The  steam  distillate  was  made  slightly  basic,  and  an  oil  separated  from  it.  The  aqueous  solution  was  ex¬ 
tracted  with  benzene,  and  the  extract  and  the  oil  were  combined  and  dried  with  CaCl2.  Distillation  of  this  solu¬ 
tion  gave  1.04  g  of  n-nonyl  alcohol;  b.p.  214-215’  (Siwoloboff  method),  n^^D  1,4360,  n^'^D  1.4348.  The  3,5- 
dinitrobcnz.oate  melted  at  50-51’.  The  aqueous  solution  was  acidified,  and  1  83  g  of  n-capric  acid  was  obtained; 
m.p.  31“, 

Reaction  of  mercury  (II)  n-caprate  with  benzoyl  peroxide  in  benzene  at  80°.  A  solution  of  3.71  g  of  benzoyl 
peroxide  in  30  ml  of  benzene  was  added  to  a  preheated  mixture  of  16.28  g  of  mercury  (II)  n-caprate  and  70  ml  of 
benzene,  and  the  reaction  mixture  was  heated  and  stirred  for  12  hr-  The  resulting  gas  contained  648  ml  of  CO2  and 
3.7  ml  of  CO.  The  reaction  mixture  was  investigated  as  described  above.  There  were  obtained  0.18  g  (3%)  of 
metallic  mercury.  0.83  g  (7.5%)  of  mercury  (I)  n-caprate,  9.5  g  (88.5%)  of  phcnybnercury  bromide,  and  0.15  g 
(2.2%’)  of  mercurous  sulfide.  No  nonylmercury  compounds  were  delected.  The  other  reaction  products  were  not 
determined. 

Mercuration  of  benzene  with  mercury  (11)  n-caprate  at  80*.  A  mixture  of  16.28  g  of  mercury  (H)  n-caprate 
and  100  ml  of  benzene  was  stirred  and  refluxed  for  6  hr.  Evolution  of  gas  was  not  observed.  The  reaction  mixture 
was  cooled,  and  3.03  g  of  precipitate  W'as  removed  by  filtration.  This  material  was  a  mixture  of  mercury  (I)  and 
mercury  (H)  caprates.  The  precipitate  was  treated  with  HCl  (1  ;  1),  and  the  insoluble  portion  was  washed  with  water 
and  ether;  there  W'as  obtained  0.45  g  of  calomel.  The  yield  of  the  mercurous  salt  was  6.35%j.  From  the  hydrochlo¬ 
ric  acid  solution  w.as  obtained  0.60  g  of  mercurous  sulfide;  the  yield  of  mercuric  salt  was  9.2%i 

The  benzene  solution  was  investigated  as  described  above.  There  were  obtained  8.6  g  (80,1%»)  of  phenyl- 
mercury  bromide,  0.30  g  (4,3%o)  of  mercurous  sulfide,  and  21  g  of  free  capric  acid. 

SUMMARY 

1.  The  reaction  of  mercury  (11)  capratc  with  dicapryl  peroxide  in  benzene  gave  the  n-nonylmcrcury  salt 
in  46.5%)  yield. 

•All  gas  volumes  have  been  reduced  to  standard  conditions. 
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2.  The  reaction  of  mercury  (II)  caprate  with  benzoyl  peroxide  gave  the  phcnylmercury  salt  in  88.5*70  yield. 

3.  Mercuration  of  benzene  with  mercury  (II)  caprate  in  the  absence  of  peroxide  gave  the  phcnylmercury 
salt  In  80.1*70  yield. 

4.  The  decarboxylation  of  mercury  caprate  under  the  influence  of  peroxides  is  not  a  chain  reaction. 
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cover  English  translations  appears  at  the  back  of  this  issue. 
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EXHAUSTIVE  CHLORINATION  OF  XYLENE  METHYL  GROUPS 
A.  E.  Krutov  and  A.  D.  Syrovatko 

F.  nzerzbinski i  Pncproputrovsk  Chemical  Technological  Institute 

Translated  from  Zhurnal  Obshchei  Khimii.  Vol.  30,  No.  9,  pp.  3019-3024, 
September,  19G0 

Original  article  submiitcd  October  16.  1959 


a;- Hexachloro-p- xylene  and  pcntachloro-o- xylene  were  first  synthesized  by  the  action  of  PCI5  on  p-  and 
o-  xylene  [1.  2]. 

Descriptions  have  appeared  (chiefly  in  patents)  of  different  variants  of  the  direct  clilorination  of  the  side 
chains  in  xylenes  to  produce  the  hexachloro  derivatives;  the  action  of  a  three*  to  four- fold  excess  of  chlorine  at 
150- IGO"  [3],  and  chlorination  with  gradually  increasing  temperature  [4-61  in  o-dichlorobens.ene  solution.  Chlo¬ 
rination  of  the  side  chains  in  xylenes  by  chlorine  diluted  with  air  [23]  and  photochemical  chlorination  [7-14]  have 
been  studied. 

Highly  chlorinated  xylenes  cannot  be  obtained  by  chlorination  of  tlie  side  chains  with  sulfuryl  chloride. 

Only  xylylenc chlorides  arc  obtained  by  this  methorl  [1.5].  m-Xylylene  chloride  is  obtained  from  m-xylene  [16] 
and  2- chloro-p- xylene  from  p-xylenc  [17]  in  the  presence  of  AICI3. 

tu- Hexachloro- p- xylene  and  tu-pentachloro-o- xylene  have  been  prepared  by  chlorination  of  the  chloro- 
mcthylation  products  of  toluene  [24], 

It  has  been  reported  that  w-hexachloro- p-xylenc  may  be  prepared  satisfactorily  by  passing  a  mixture  of 
chlorine  and  p-xylenc  vapors  over  activated  carbon  at  100-180*  [22],  but  our  experiments  have  not  confirmed 
this  report. 

According  to  references  [18-20],  chlorination  of  aromatic  hydrocarbons  in  the  side  chaiii  can  be  accom¬ 
plished  in  the  presence  of  a  small  amount  of  benzoyl  or  lauryl  peroxide.  Li  the  presence  of  peroxides,  the  reac¬ 
tion  proceeds  via  a  free-radical  route,  the  free  radicals  being  formed  by  decomposition  of  the  peroxide  compounds 
according  to  the  scheme 

(fV.MsCOO)^  —  2r,oM.-..  +2CO2 
.  .pci 2  CfiHsCi-i-Gi- 

(\\],  ■  -\-  CCl4  ->  CulIjCCl.H-Ul  . 

/Clla 

Ccll4(Cll3)2  -p  Cl  -  ->  Coll4'v  + 

^CH2  ’ 

/GHd  .CH3 

Considering  the  great  effect  of  initiators  on  the  yield  and  quality  of  xylene  hexachloro  derivatives  and  also 
considering  the  lack  of  information  on  this  question  in  the  literature,  we  have  studied  the  effect  of  various  perox¬ 
ides  and  hydroperoxides  on  the  chlorination  of  xylenes  under  standard  conditions.  First  place  with  respect  to  ini¬ 
tiating  effect  on  the  process  belongs  to  azobisisobut>Tonitrilc  [21],  which  yields  the  most  stable  free  radicals. 
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Tertiary  butyl  peroxide  comes  close  to  matching  the  effect  of  azobisisobut)Tonitrile.  However,  only  a  20%  yield 
of  hexachloro-p- xylene  as  a  crystalline  product  is  obtained  in  the  presence  of  this  peroxide.  By  analysis,  the 
major  portion  of  the  material  is  hexachloro-p- xylene,  but  the  product  does  not  crystallize-  Crystalline  product 
is  obtained  in  high  yield  with  benzoyl  peroxide.  The  consumption  of  benzoyl  peroxide  is  1-2%  while  that  of 
azobisisobutyronitrile  is  0.1-0. 2% 

Cumene  hydroperoxide  and  diphenylcthane  hydroperoxide  are  not  suitable  as  initiators  for  the  chlorination 
of  xylenes.  In  the  presence  of  hydroperoxides,  the  process  is  considerably  slowed,  apparently  owing  to  the  partial 
liberation  of  oxygen,  and  a  crystalline  product  is  either  not  formed,  or  only  a  small  amount  of  it  precipitates. 

The  addition  of  0.1-0.2%hexamethylcnetctramine  [25]  is  helpful,  since  it  combines  with  traces  of  iron  which 
enter  the  reactor  with  the  chlorine  gas.  and  it  prevents  the  formation  of  chlorination  products  containing  chlorine 
in  the  ring. 

Temperature  has  a  considerable  effect  on  the  chlorination  reactions;  therefore,  the  optimum  chlorination 
temperature  regime  was  sought  and  established  for  the  chlorination  of  all  of  the  isomeric  xylenes.  The  question 
of  the  effect  of  the  solvent  (1,  2,4-trichlorobcnzene  and  carbon  tetrachloride)  on  the  chlorination  of  xylenes  was 
also  studied. 


EXPERIMENTAL 

Chlorination  of  the  xylenes  was  carried  out  in  a  batch  apparatus  in  which  the  chlorinator  was  a  three -neck 
flask  fitted  with  an  Allihn  reflux  condenser,  a  150“  thermometer,  and  a  chlorine  inlet  tube  (8  mm  diameter)  which 
extended  to  within  2-3  mm  of  the  bottom  of  the  chlorinator.  The  chlorine  was  fed  to  the  chlorinator  through  a 
bubbler.  A  check  valve  was  included  in  the  chlorine  feed  line  to  prevent  back-up  of  the  liquid.  Bubbling  of  the 
dilorine  into  the  reaction  mixture  provided  good  stirring  and  made  it  possible  to  observe  the  course  of  the  process. 
Effluent  gas  from  the  chlorinator  was  passed  through  a  condenser  into  an  absorber  filled  with  a  5- 10%  solution  of 
caustic  to  remove  hydrogen  chloride  and  unreacted  chlorine.  The  amount  of  chlorine  charged  to  the  reactor  was 
measured  with  a  gas  meter.  Completion  of  the  chlorination  process  was  determined  by  comparing  the  increase 
in  weight  of  the  reaction  mixture  with  the  increase  calculated  on  the  basis  of  the  formation  of  w-hexachloro- 
p- xylene. 

Chlorination  of  p-xylene.  The  first  experiments  on  the  chlorination  of  p-xylene  (m.p.  12.5“;  b.p.  137-138*) 
showed  that  the  yield  and  quality  of  the  hexachloro-p- xylene  depends  to  a  significant  e.xtent  on  reaction  tempera¬ 
ture.  At  180-220“  and  in  the  presence  of  2% benzoyl  peroxide,  the  reaction  ;ras  acoompanied  by  considerable  tar 
formation,  and  tu-hexachloro-p-xylene  was  obtained  in  30-35%  yield.  A  decrease  in  the  reaction  temperature  to 
160“  increased  the  yield  of  O'- hexachloro-p -xylene  to  50%,  but  a  considerable  amount  of  tar  was  present  in  the 
reaction  products;  therefore  further  chlorination  experiments  were  carried  out  chiefly  with  the  xylene  dissolved 
in  carbon  tetrachloride. 

It  was  possible  to  increase  the  yield  of  hexachloro-p- xylene  to  60-65%by  using  1.2,4-trichlorobenzene 
(b.p.  213“)  as  the  solvent  and  a  reaction  temperature  of  150-160*. 

Chlorination  of  p- xylene  in  carbon  tetrachloride  solution  at  80-90“  and  in  the  presence  of  2%  peroxide 
gave  a  90%  yield  of  high-quality  tu- hexachloro-p- xylene.  With  benzoyl  peroxide  as  the  initiator,  the  best  yield 
of  hexachloro-p- xylene  was  obtained  when  10  g  of  carbon  tetrachloride  was  added  to  0.25  mole  of  p-xylene. 

During  the  first  25-30  min  of  the  chlorination,  the  temperature  in  the  reactor  reached  62*.  and  it  then 
gradually  increased  to  85-90"  over  the  course  of  the  next  4  hr.  During  the  last  1.5-2  hr,  the  temperature  was 
increased  to  and  maintained  in  the  range  of  110-120“  to  bring  the  reaction  to  completion  and  for  final  distilla¬ 
tion  of  the  solvent.  The  time  required  for  the  preparation  of  a;- hexachloro- p-xylene  by  this  process  is  5.5-6  hr 
under  the  conditions  indicated.  The  product  was  purified  by  a  single  crystallization  or  by  washing  with  hot  alcohol, 
and  drying.  The  resulting  product  melted  at  109-110*. 

Activity  of  initiators  for  the  chlorination  of  p- xylene.  In  order  to  determine  the  effect  of  the  initiator  on 
the  yield  and  quality  of  hexachloroxylcne,  a  scries  of  experiments  was  carried  out  in  the  presence  of  different 
initiators  under  standard  conditions  with  0.25  mole  portions  of  p-xylene.  The  results  of  these  experiments  are 
presented  in  Table  1. 
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TABLE  1 


Liitiator 

Percent  ini¬ 
tiator  content 

Reaction 
time  (in  In) 

Wt.  increase 
(in  g) 

Melting  point  of  product 

Azobisisobutyronitrile 

0.1 

9 

49 

109-110* 

Azobisisobut)Tonitrile 

0.2 

9 

50 

108-110“ 

Benzoyl  peroxide 

1-2 

6 

49.9 

109- 110 

Cumene  peroxide 

0.3 

12.5 

42 

105-108 

Tertiary  butyl  peroxide 

0.1 

9 

48.9 

109-110 

Cumene  hydroperoxide 

0.1 

9 

30.1 

Did  not  crystallize 

Cumene  hydroperoxide 

0.2 

16 

40 

Did  not  crystallize 

Diphenylethanc  hydro¬ 
peroxide 

0.2 

16 

39 

Did  not  crystallize 

TABLE  2 


Chlorine  fed 

to  chlorinator 

(in  S) 

Chlorine 
absorbed  in 

scrubber 

Chlorine  used  in 
chlorination  of 

2  moles  p- xylene 

(in  g) 

Ratio  of 
chlorine  fed 

to  combined 

chlorine 

900 

474 

426 

900  ;  426  2.1 

850 

324 

426 

850  ;  426  «  2 

830 

404 

420 

8.30  :  420  «  2 

Chlorine  cons'iniption.  The  amount  of  process  chlorine  required  is  especially  important  with  regard  to  the 
engineering  aspects  of  xylene  chlorination  processes.  According  to  the  equation  for  the  reaction  of  one  mole  of 
p- xylene,  six  moles  of  chlorine  should  be  consumed.  The  amount  of  chlorine  consumed  in  the  chlorination  was 
checked  by  the  increase  in  weight  of  the  reactor  contents, taking  into  account  the  gas  meter  reading.  The  amount 
of  chlorine  passing  through  the  reactor  and  absorbed  in  the  caustic  solution  was  also  calculated.  The  experimental 
results  on  chlorine  consumption  (obtained  in  experiments  with  2  moles  of  p- xylene)  arc  presented  in  Table  2. 

The  data  of  Table  2  show  that  during  the  chlorination  of  p- xylene  in  carbon  tetrachloride  in  the  presence 
of  2%  benzoyl  peroxide,  the  chlorine  fed  was  twice  the  calculated  amount. 

The  amount  of  process  chlorine  required  for  chlorination  of  p- xylene  in  the  absence  of  a  solvent  was  some¬ 
what  less. 

A  darkening  of  the  solution  was  observed  during  the  chlorination  of  pure  p- xylene;  this  was  due  to  the  for¬ 
mation  of  tarry  materials,  the  amount  of  which  depended  on  the  reaction  conditions. 

Hexamethylenetetramine  in  an  amount  of  0.1-0. 2% prevents  tarring  of  the  reactants  at  all  temperatures  in 
the  range  of  GO  to  120“.  The  sliglit  amount  of  darkening  caused  by  tar  formation  during  20-30  min  of  chlorination 
was  decolorized  by  the  addition  of  hexamethylenetetramine.  Similar  phenomena  were  observed  during  the  chlo¬ 
rination  of  all  isomeric  xylenes  as  well  as  other  aromatic  hydrocarbons.  Indications  that  hexamethylenetetramine 
has  a  protective  action  in  the  presence  of  iron  in  the  chlorination  mixture  were  not  confirmed.  In  both  an  iron 
reactor  and  a  gla.'^s  reactor,  the  reaction  mixture  darkened  in  the  presence  of  iron  tokens  even  when  2*^0 hexa- 
methylenc  was  added. 
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TABLE  3 


Chlorine 

1 

1 

Boiling  range 

%  of  charge 

content 
(in  %) 

d." 

1 20-1. 51 

.51.4 

(!5.0 

1.6127 

1..58IO 

1.50-180 

27.0 

70.1  I 

1.6.302 

1 .58(i.3 

180-19.5 

5.(1 

71.1  1 

1.6(06 

1..597(> 

Solid  resinous 
residue 

Ki.fi 

70.8 

1.61.35 

Oxidation  of  the  products  of  the  exhaustive  chlorination  of  xylenes  in  the  side  chain  showed  that  the  ad¬ 
dition  of  hexamethylenetetramine  prevented  the  formation  of  derivatives  chlorinated  in  the  ring,  which  could 
have  developed  in  the  presence  of  even  a  small  amount  of  iron  entering  the  reactor  with  the  chlorine  feed. 

Chlorination  of  m- xylene-  The  chlorination  of  pure  m- xylene  (m.p.  47.4*,  b.p.  139-140°)  was  carried  out 
in  the  apparatus  described  above;  carbon  tetrachloride,  benzoyl  peroxide,  and  hexamethylenetetramine  were  added 
in  amounts  of,  respectively  40^o,  2^c’,  and  O.l'yoby  weight  of  the  xylene.  Chlorination  of  the  m-xylene  proceeded 
at  a  greater  rate  in  the  first  stage  than  did  the  chlorination  of  p-xylene,  but,  under  otherwise  equivalent  conditions, 
chlorination  of  the  m-xylene  up  to  the  final  weight  increase  (213  g  per  mole  of  xylene,  calculated  for  the  forma¬ 
tion  of  (U-hexachloro- m-xylene)  required  10  Itr  in  place  of  the  5.5-6  hr  required  in  the  case  of  p-xylenc.  Steric 
hindrance  apparently  develops  in  the  latter  stages  of  the  exhaustive  chlorination  of  m-xylene. 

The  product  obtained  by  the  chlorination  of  m-xylene  formed  a  supersaturated  solution,  which  crystallized 
when  cooled  and  sec'ded.  The  CJ-hexachloro- m-xylene  cr)'stals  amounted  to  60- 70% of  the  total  weight  of  the 
product.  It  was  possible  to  obtain  an  additional  10- 12%  of  the  hexachloro  derivative,  which  contained  67-68% 
chlorine,  by  pressing  tlie  oil  from  the  crystals,  distilling  the  oil  under  vacuum,  and  freezing  out  the  product  from 
the  major  fraction.  After  recrystallization  from  ethanol  and  drying,  the  a;-hexachloro- m-xylene  had  an  m.p.  of 
41-42*  and  a  b.p.  of  290-295°  (with  partial  decomposition).  The  data  obtained  by  fractionation  of  the  filtrate 
under  reduced  pressure  (3-5  mm)  are  shown  in  Table  3. 

All  fractions  were  transparent  sirupy  liquids,  the  viscosity  of  which  increased  with  an  increase  in  the  boiling 
range  of  the  fraction.  The  residue  in  the  flask  had  a  light  brown  color,  and  it  began  to  decompose  toward  the  end 
of  the  distillation.  The  chlorine  content  of  the  fractions  increased  with  an  increase  in  boiling  range,  but  it  de¬ 
creased  somewhat  in  the  residue  (owing  to  decomposition  and  liberation  of  chlorine  in  the  form  of  hydrogen  chlo¬ 
ride  ). 

Chlorination  of  o- xylene.  The  chlorination  of  o-xylene  was  carried  out  under  the  same  conditions  as  the 
chlorination  of  p-  and  m-xylene.  In  the  first  stage,  the  reaction  proceeded  vigorously  at  65-67°.  When  hexa¬ 
methylenetetramine  was  not  added,  darkening  of  the  mixture  began  at  77°,  while  the  corresponding  temperatures 
for  m-  and  p-xylene  were  50-53°  and  about  65°.  respectively.  The  chlorination  time  (to  constant  weight)  was 
10-12  hr.  The  final  product  of  the  chlorination  of  o-xylene  was  tu-pentachloro- o-xylene;  it  crystallized  com¬ 
pletely  upon  cooling.  It  was  not  possible  to  replace  all  six  atoms  of  hydrogen  in  the  methyl  groups  of  o-xylene 
by  chlorine  in  spite  of  the  use  of  different  methods  of  chlorination.  The  chlorine  content  of  the  crystalline  product 
was  64.0%,  which  corresponds  to  that  of  a>-pentachloro- o-xylene.  The  product  obtained  from  the  chlorination  of 
pure  o-xylene  in  the  absence  of  a  solvent  had  a  light  brown  color  and  contained  12- 13% of  an  oily  material. 

The  chlorination  of  o-xylene  in  carbon  tetrachloride  gave  a  light  yellow  product  containing  7- 8% oil;  after 
a  single  crystallization  from  alcohol  or  after  being  washed  with  hot  alcohol,  the  tL>-pentachloro- o-xylene  melted 
at  53-54°.  The  boiling  point  was  278-282*  (with  partial  decomposition).  The  oil  obtained  from  the  chlorination 
of  o-xylene  contained  50.7% chlorine;  d^°4  1.5802,  1.5902.*  It  distilled  at  270-275°  with  decomposition. 


_ 

•As  in  the  Russian  original. 
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SUMMARY 


1.  Tcmpc-ranirc  conditions  for  the  chlorination  of  o-,  m-,  and  p- xylene  in  the  presence  of  1-2*70  benzoyl 
peroxide  or  0.1-0.2% azobisisobm)Tonitrile  were  studied. 

2.  The  yields  of  crystalline  product  were  a;- hcxachloro-p- xylene,  90*7o;  at- hexachloro-m- xylene.  75*70; 
at- pentacliloro-o- xylene,  H57o. 

3.  Chlorination  of  p- xylene  in  a  solvent  required  a  total  chlorine  charge  of  twice  the  calculated  amount. 

4.  The  first  stage  of  the  chloruiation  reaction  proceeded  at  a  greater  rate  with  m-xylene  than  with  the 
other  xylenes,  but  the  process  then  slowed  dotm.  and  the  over- all  length  of  the  process  was  10  lir  (in  place  of  the 
5.5-6  hr  for  p-xylcnc).  Exhaustive  chlorination  of  o-xylene  was  slower  than  that  of  the  other  isomers,  and  the 
process  was  comph-te  v/ith  the  formation  of  pentachloro-o-xylene. 
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Amino  alcohols  of  the  aliphatic  and  alkylaromatic  series  are  of  considerable  practical  interest.  Existing 
methods  for  their  synthesis  are  either  based  on  the  use  of  relatively  unavailable  materials  [1],  or  they  do  not 
provide  sufficiently  high  yields  [2].  The  methods  of  sjuthesizing  alkylaromatic  amino  alcohols  are  especially 
complex  [3]. 

Wc  have  developed  a  method  for  the  preparation  of  aliphatic  and  alkylaromatic  amino  alcohols  by  saponifica 
tion  of  oxazoline  and  oxazolidinc  derivatives.  The  appropriate  substituted  oxazoline  or  oxazolidine  is  saponified 
with  a  127'’  methanol  solution  of  potassium  hydroxide  by  heating  the  reaction  mixture  on  a  boiling  water  bath  for 
45- CO  min.  The  methanol  is  distilled  from  the  reaction  mixture;  ammonia  distills  with  the  latter  portion  of  the 
methanol,  and  is  titrated  with  an  0.1  N  solution  of  hydrochloric  acid.  The  potassium  carbonate  formed  during  the 
reaction  is  separated  by  filtration,  dissolved  in  water,  and  converted  to  barium  carbonate  by  means  of  barium  hy¬ 
droxide.  The  amino  alcohol  was  obtained  in  the  pure  form  by  fractional  distillation  under  vacuum. 

Oxazoline  derivatives  prepared  from  styrene  oxide  and  cyanamide  were  saponified  with  a  5070  aqueous  solu¬ 
tion  of  potassium  hydroxide  by  heating  on  a  sand  bath  for  5-6  hr.  The  resulting  mixture  of  amines  floated  to  the 
surface  in  the  form  of  a  viscous  mass.  The  aqueous  solution  was  decanted,  and  the  carbonate  was  precipitated 
as  barium  carbonate  by  treatment  with  barium  hydroxide.  The  amines  were  separated  chromatographically  with 
"Av8K  28-50"  grade  silica  gel.  The  solvents  were  benzene,  chloroform,  and  acetone.  The  mixture  to  be  separated 
and  the  silica  gel  were  used  in  a  ratio  of  1  :  15.  The  nitrogen  in  the  primary  amino  alcohols  was  determined  by 
the  Kjeldahl  and  van  Slyke  methods. 


EXPERIMENTAL 

l^reparation  of  aliphatic  amino  alcohols.  In  a  flask  fitted  with  a  reflux  condenser  was  placed  0.05  mole 
of  the  oxazoline  (or  oxazolidinc)  derivative  and  35  ml  of  a  127'’mcthanol  solution  of  potassium  liydroxide.  and 
the  mixture  was  heated  for  45-60  min  on  a  boiling  water  bath.  The  reaction  mixture  was  transferred  to  a  Wurtz 
flask,  and  the  solvent  was  distilled;  toward  tile  end.  ammonia  distilled  with  the  solvent.  It  was  necessary  to  pass 
a  stream  of  air  or  nitrogen  through  the  mixture  in  order  to  obtain  more  complete  distillation.  The  ammonia  was 
titrated  with  an  0.1  N  solution  of  hydrochloric  acid.  The  potassium  carbonate  was  separated  by  filtration,  dis¬ 
solved  in  v/ater.  and  converted  to  barium  carbonate  by  treatment  with  barium  hydroxide.  The  amine  mixture  was 
transferred  to  a  distillation  flask  and  distilled  under  vacuum.  I’rimary  and  secondary  amino  alcohols  were  obtained 
by  hydrolysis  of  the  oxazoline  and  oxazolidine  derivatives  which  we  synthesized  (Table  1). 

Preparation  of  alkylaromatic  amino  alcohols.  Into  a  flask  fitted  with  a  reflux  condenser  was  introduced 
0.25  mole  of  the  styrene  oxide  derivative  and  40  ml  of  a  507’ aqueous  solution  of  potassium  hydroxide,  and  the 
mixture  was  heated  on  a  sand  batli  for  5-6  hr.  The  resulting  mixture  of  amines,  a  brown  viscous  mass,  floated 
to  the  surface.  The  aqueous  solution  was  decanted,  and  the  carbon  dioxide  was  precipitated  with  barium  hydrox¬ 
ide  Saponification  of  the  appropriate  oxazoline  derivatives  gave  rlic  amino  alcohols  listed  in  Table  2. 


2998 


Amino  alcohol 


methyloxazoline 


I 


w  s 

E  V 

if*. 

X  OQ  c 
t— j  OQ 


I 

<n 

U 

( 

CO  CO 

S 

O  rH 

Jj  — 

•  O 

.S  ^ 

1 

\-^ 

c 

1 

/■ 

§  *5 

X - 

y 

^  fli 

1. 

\\ 

>s  ^ 

a.  E 

M 

O  1 

23 

^  m 

Cli  . 

o-u  u_o  o  ^  y  X  S 

I  3  2  S 

£  u  ^  g:^  1. 

•J  X  ^  K 

ai  2  S  ^ 

>  TJ  ca 

2  >:' 


3000 


TABLE  2 
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The  2-(8 -hydroxy- o-phenylethylamip.o)-4-phenyloxazolinc  contained  2-imino-3-(B -hydroxy- a-phenyl- 
ethyl)-4- phenyl' 1.3-oxazolidinc  as  an  impurity  (up  to  17'7o);  therefore  saponification  gave  two  amines,  which 
were  separated  in  a  chromatographic  column.  The  amine  mixture  was  dLssolved  in  cliloroform  and  introduced 
into  the  silica  gel  column.  a.o'-Diphenyl-8  .8 '-dihydroxydicthylaininc  was  eluted  with  chloroform,  and  a- 
phcnyl-B  -hydroxycthylaininc  was  eluted  w'ith  acetone.  The  mbeture  of  amines  obtained  by  saponification  of 
2-  (1'  -  plienyl-  2'  -  hydrcxycthyl- 1"  ,4"  -  diphenyl-  3’  -  oxa  -  5"  -  hydroxypentyl)amino-  4-  pheiiyloxazoline  was  also 
Separated  cliromatographically;  l,8-dihydroxy-2,5,7-triphenyl-3-oxa- 6-azaoctane  was  eluted  with  benzene  or 
chloroform. 

The  amines  prepared  in  the  present  work  are  very  viscous  brown  substances  which  congeal  when  cooled. 

SUMMARY 

A  method  has  been  developed  for  the  preparation  of  aliphatic  ai'd  alkylaromatic  amino  alcohols  from 
substituted  oxazolines  and  oxazolidines;  some  of  the  latter  have  not  been  described  in  the  literature. 
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CHLORINATION  OF  ANTHRACENE 

WITH  N  .N- Die  HLOROBENZENESU  LFONAMIDE  ^ 

A.  E.  Kretov  and  V.  V.  Litvinov 
Dnepropetrovsk  Chemical  Technological  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  3028*3031, 
September,  1960 

Original  article  submitted  September  19,  1959 


Tile  use  of  haloamides  for  the  s\itthcsis  of  various  substances  has  recently  acquired  considerable  importance. 
The  scope  of  the  reactions  associated  with  the  use  of  haloamides  and  haloimides  has  constantly  expanded,  and 
N.N-diclilorobenzenc*  and  N.N-dichlorotoluenesulfonamide  liave  acquired  considerable  importance  [1].  The 
detailed  investigations  of  Sclivanov  [2]  of  tile  reactions  of  N-halo  derivatives  of  succinimide  and  those  of 
Hoffmann  [3]  on  halogenation  with  bronmacetamide  have  established  that  oxidation  products  arc  formed  along 
with  the  halogen  derivatives.  Likho.shcrstov.  in  a  study  of  the  action  of  N.N-dichlorobenzcnesulfonamidc  on  un- 
saturatod  compounds,  observed  that  N,N-dichlorosulfonamide  partially  adds  across  the  multiple  bond  [4,  5]. 

If  tile  chlorination  of  anthracene  with  N,N-dichlorobenzencsulfonamide  is  accompanied  by  the  addition  of 
the  latter  at  the  meso  carbon  atoms  of  the  anthracene,  which  are  the  ends  of  a  conjugated  system  of  double  bonds, 
then  a  substance  having  the  following  sirurturc  should  be  present  in  the  reaction  mixture: 

11 

I  ill  I 

II  Cl 

(t)  “  Cl,  (2)  X  rr  H. 

A  substance  having  such  a  structure  was  not  separated  from  the  products  of  reactions  carried  out  with  equi¬ 
molar  amounts  of  reactants  in  different  solvents.  When  the  reaction  was  carried  out  in  carbon  tetrachloride  or 
dichloroethanc  with  a  ratio  of  anthracene  to  dichloramine  B  of  1  :  2,  reaction  products  were  formed  which  could 
not  be  separated  by  crystallization.  The  individual  substances  could  be  separated  only  by  chromatography.  The 
nitrogen- containing  product  of  this  experiment  separated  cliromatographically  on  silica  gel  was  9-chloro-lO- 
(N-chloro)bcnzenesulfamidodihydroantlixacene  (1).  and  that  separated  cliromatographically  on  alumina  was 
9-chloro-lO-benzencsulfamidodiliydroantliracenc  (2).  The  chlorine  on  the  nitrogen  was  active  and  liberated 
iodine  from  an  acid  solution  of  potassium  iodide.  It  should  be  remarked  that  these  substances  are  very  unstable, 
readily  decomposing  during  crystallization  from  even  a  low- boiling  solvent  to  chloiiiie  derivatives  of  antliracene 
and  benzenesulfonamide.  Acids  and,  particularly,  bases  accelerate  this  decomposition. 

These  results  indicate  that  N,N-dichlorobcnzenesulfonamide  partially  adds  to  anthracene  forming  an  adduct. 
The  structure  of  this  adduct  Ls  confimied  by  the  fact  that  upon  treatment  with  a  base,  antliraquinone  is  obtained 
in  80%  yield.  Moreover,  a  large  amount  of  polynuclear  derivatives  of  antliracene  which  do  not  contain  nitrogen 
are  found.  In  addition  to  these  .substances,  there  are  also  obtained  products  formed  by  chlorination  and  by  oxidation 
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of  the  anthracene-  9-Chloroanthracenc  and  9.10-dichloroanthraccnc  were  bolated  from  the  antliracene  chlorine 
derivatives.  Anthiaqumone  was  detected  in  small  amount.  All  of  these  data  suggest  the  following  scheme  for 
reaction: 


U 


4-  CfiMsSO.^Nf.ls 


Cl 


Cl 


I 


Cl 


9*Chloro- 10-  (N-  chloro)bcnzenesulfa- 

midodihydroanthracenc  (1) 


i 


9-Chloroantliracene.  benzene - 
sulfonamide,  and  hydrogen 
chloride; 


1 

Condensation  to  di-  and  poly¬ 
nuclear  products  with  the 
liberation  of  benzenesulfon- 
amide  and  hydrogen  chlorJde 


Prolonged  heating  is  required  when  the  reaction  is  carried  out  in  a  medium  of  carbon  tetrachloride. 
Anthraquinone  is  formed  as  the  predominant  product,  in  a  yield  of  75-85%,  when  the  reaction  in  carbon  tetra¬ 
chloride  is  carried  out  in  the  presence  of  2%  benzoyl  peroxide. 


EXPERIMENTAL 

The  anthracene,  17.8  g,  was  dissolved  in  150  ml  of  carbon  tetrachloride  contained  in  a  three-neck  flask 
fitted  with  a  dropping  funnel,  a  mechanical  stirrer,  and  a  reflux  condenser;  the  flask  was  installed  in  a  water 
bath.  The  temperature  was  raised  to  85",  and  a  solution  of  45.2  g  of  N.N-dichlorobetizenesulfonamide  in  250  ml 
of  dry  carbon  tetracliloride  was  added,  with  stirring,  over  a  period  of  30  min.  The  reaction  was  carried  on  for  a 
period  of  8  hr  at  the  indicated  temperature.  The  reaction  mixture  was  cooled,  and  the  resulting  precipitate  of 
benzencsulfonamide  was  separated  by  filtration.  The  filtrate  was  resolved  by  adsorption  chromatography  on  alu¬ 
minum  oxide.  The  column  was  eluted  witli  solvents  having  successively  increasing  dielectric  constants:  carbon 
tetrachloride,  ether,  chloroform,  acetone,  and  methyl  alcohol.  The  chlorine  derivatives  of  anthracene  eluted 
first,  followed  by  benzencsulfonamide ,  anthraquinone,  and  tar.  The  following  substances  were  obtained: 

1)  9,10-dichloroantliraccnc,  10.8  g  (43.7%),  m.p.  209-210*.  chlorine  found  28.9%,  chlorine  calculated  29.1%; 

2)  9-chloroanthracene.  0.96  g(f.5%),  m..p.  102-103°,  chlorine  found  16.1%.  chlorine  calculated  16.5%;  3)antlu:a- 
quinone,  3.18  g  (15.1%),  m.p.  285-286°;  4)  tarry  substances,  29  g.  The  over- all  amount  of  benzencsulfonamide 
obtained  was  15.8  g. 

The  products  of  the  second  experiment,  which  was  carried  out  similarly  to  the  first,  were  separated  chro- 
matographically  on  silica  gel.  The  following  substances  were  isolated;  1)  9,10-dichloroantlrracene,  11.3  g(45,9%) 
m.p.  209-210°,  chlorine  found  28.8%.  chlorine  calculated  29.1%  2)  9-chloroanthracene,  0.85  g  (3.4%),  m.p. 
102-103°,  chlorine  found  16.1%,  chlorine  calculated  16.5'?;  3)  anthraquinone.  3.4  g  (16.8%),  m.p.  286°;  4) 
tarry  substances,  27.8  g.  The  over- all  amount  of  benzencsulfonamide  was  15.3  g. 

Analysis  of  the  nitrogen- containing  tars  from  the  first  experiment: 

Found  %  N  3.2;  Cl  9.1.  CmHigOzNSCI.  Calculated  %  N  3.79;  Cl  9.58. 

Analysis  of  the  nitrogen- containing  tars  from  the  second  experiment; 

Found  %.  C  58.8;  H  3.6;  N  3.5;  Cl  17.0.  C20H15O2NSCI2.  Calculated  %  C  59.26;  II  3.74;  N  3.6;  Cl  17,53. 

Experiment  with  carbon  tetrachloride  in  the  presence  of  benzoyl  peroxide-  A  solution  of  45.2  g  of  N.N- 
dichlorobcnzencsulfonamide  in  300  ml  of  dry  carbon  tetrachloride  was  added,  v.'iiii  stirring,  to  a  suspension  of  a 
mixture  of  17.8  g  of  antliracene  and  0.35  g  of  benzoyl  peroxide  in  100  ml  of  carbon  tetrachloride,  which  was 
contained  in  a  three -neck  flask.  The  addition  was  carried  out  at  a  rate  such  that  the  temperature  remained  in 
tile  range  of  35-40°.  When  all  of  the  dichloramine  B  had  been  added,  the  reaction  mixture  was  heated  slowly 
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to  boiling  and  refluxed  for  10  hr.  A  total  of  3.4  g  of  hydrogen  chloride  and  a  small  amount  of  chlorine  were 
evolved  over  the  entire  period  of  the  reaction.  At  the  completion  of  the  reaction,  the  products  were  allowed 
to  stand  at  room  temperature,  during  which  time  they  were  periodically  purged  witli  air.  The  resulting  precip¬ 
itate  weighed  24.5  g  after  drying.  It  consisted  of  11  7  g  of  benzcncsulfonamide.  a  small  amount  of  dichloro- 
anthraccne,  and  10  g  of  anthraquinonc.  Recrystallization  of  theanthraquinone  from  acetic  acid  gave  8.2  g  of  a 
material  with  an  rn.p.  of  285-280*.  Upon  distillation  of  tlic  solvent,  an  additional  9.4  g  of  anthraquinonc  was 
obtained,  from  which  was  obtained  7.5  g  of  pure  anthraquinone  (in.p.  285-288°);  an  additional  12  3  g  of  benzene- 
sulfonamide  was  also  obtained.  An  additional  amount  of  benzenesuifonamide  and  1.28  g  of  dichloroanthracene 
were  separated  from  the  acetic  acid  filtrates.  A  second  experiment,  carried  out  this  time  in  dichloroethane. 
gave  similar  results,  but  the  yield  of  anthraquinone  was  lower.  Thus,  the  interaction  of  antliracene  with  N.N- 
dichlorobcnzencsulfonamidc  in  the  presence  of  benzoyl  peroxide  in  a  carbon  tetrachloride  medium  gives  a  high 
yield  of  anthraquinone  (75-85%). 

The  experiment  in  glacial  acetic  acid  was  carried  out  in  a  manner  similar  to  that  of  the  first  experiment, 
but  with  a  reaction  time  of  2  hr.  The  reaction  mixture  was  cooled,  and  the  resulting  precipitate  was  separated 
by  filtration  and  washed  repeatedly  with  w'ater  to  remove  the  benzenesuifonamide.  The  reaction  products  were 
precipitated  from  tlie  filtrate  witli  water,  and  the  precipitate  was  separated  by  filtration  and  recry  stallized.  The 
following  substances  were  separated;  1)  9.10-dichloroanthracene.  11  3  g  (45.7%);  2)  9-chloroanthracene,  0.88  g 
(4.1%);  3)  antliraquinone.  2.3  g  (11%). 

Parallel  experiments  established  that  a  decrease  in  the  rate  of  addition  of  dichloramine  B  to  the  anthracene 
and  an  increase  in  the  heating  time  of  the  reaction  mixttirc  promotes  the  formation  of  antliracene 

SUMMARY 

1.  The  following  products  of  the  addition  of  N.N-dichlorobenzcnesulfonamide  to  anthracene  were  isolated; 
9-chloro-  10-benzcncsulfamidodihydroanthracene  and  9-chloro-10-(N-chloro)benzencsuIfamidcdihydroanthraccne; 
coasequently  the  chlorination  of  anthracene  with  N.N-oichlorobenzenesulfonamide  is  accompanied  by  the  forma¬ 
tion  of  an  adduct.  The  following  products  of  the  chlorination  and  oxidation  of  anthracene  were  also  isolated: 

9, 10- dichloroanthracene,  9-chloroanthracene,  and  anthraquinone. 

2.  It  was  shown  that  the  interaction  of  anthracene  with  N.N-dichlorobenzenesulfonamide  in  the  presence 
of  benzoyl  peroxide  in  carbon  tetrachloride  leads  to  a  high  yield  of  anthraquinone.  This  reaction  has  practical 
significance  in  that  it  is  of  value  for  the  preparation  of  various  substituted  anthraquinones. 
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The  phosphazo  reaction  [1]  proceeds  practically  to  completion  when  phosphorus  pentachloride  reacts  with 
acid  amides.  It  might  hence  have  been  expected  that  an  analogous  reaction  would  take  place  between  amides 
of  thioacids  and  phosphorus  pentachloride,  such  as  with  thiobenz amide,  to  yield  triclilorophosphazothiobenzoyl; 

CeHgCSNHa  +  PCI5  -  2HC1  +  CsHgCSN  =  PCI3 . 

The  reaction  between  thiobenzamide  and  phosphorus  pentachloride  was  examined  under  a  variety  of  con¬ 
ditions:  in  the  absence  of  a  solvent,  in  solutions  (benzene,  carbon  tetrachloride,  phosphorus  oxychloride),  and 
over  a  range  of  temperatures.  The  reaction  proceeded  at  room  temperature  in  the  absence  of  solvent,  with  slight 
evolution  of  heat.  It  is  most  convenient  to  conduct  the  reaction  in  vacuo,  in  order  to  facilitate  elimination  of 
volatile  products.  When  the  reagents  are  taken  in  equimolccular  proportions  the  products  arc:  hydrogen  chloride, 
about  1.8  mole,  phosphorus  trichloride  0.2  mole,  phosphorus  ihiooxycliloridc  0.35  mole,  benzonitrilc  0.16 
mole, and  3,5-diphenyl-l,2,4-tlnodiazole  0.21  mole;  the  last-named  product  was  isolated,  purified,  and  identi¬ 
fied  by  tile  usual  procedures.  In  addition  to  these  products,  a  yellow  substance  was  formed  in  about  20*7<? yield  (of 
the  iiiitial  weight  of  reagents);  this  substance  melted  at  120-140°,  and  contained  a  considerable  proportion  of  hy¬ 
drolyzable  chlorine  (^OO^o),  as  well  as  phosphorus,  nitrogen,  and  sulfur.  It  seems  probable  that  this  substance 
represents  a  mixture  of  a  number  of  products  which  we  were  unable  to  separate  in  a  pure  state.  When  hydrolyzed, 
the  product  gave  a  mixture  of  solid  substance  (about  25%),  from  which  we  were  able  to  isolate  small  amounts  of 
3,5-diphcnyl- 1,2.4-thiodiazole  and  of  a  colorless  substance,  m.p.  106-108°.  which  v;e  have  not  yet  been  able  to 
identify.  We  were  not  able,  following  treatment  of  the  reaction  mixture  whth  alcohols  or  alkoxides,  to  isolate  any 
dicsters  of  thioacylamidophosphoric  acids,  which  would  be  expected  to  be  formed,  were  trichlorophosphazothio- 
benzoyl  to  be  present  in  the  reaction  products.  It  is  evident  that  either  trichlorophosphazothiobcnzoyl  is  not 
formed,  or  that  if  it  is  formed,  it  immediately  reacts  with  other  substances  present,  or  undergoes  further  transfor¬ 
mations.  It  seems  very  probable  that  thiobenzamide  cannot  enter  into  the  phosphazo  reaction,  cither  because  a 
tautomeric  form  of  thiobenzamide  reacts  with  phosphorus  pentachloride.  or  because  addition  of  PCl^"^  ion  takes 
place  at  tlie  sulfur  atom,  instead  of  at  tile  nitrogen  atom.  The  latter  supposition  is  supported  by  the  finding  that 
phosphorus  iliiooxychloride,  is  one  of  the  reaction  products.  If  this  arose  from  the  breakdown  of  transiently  fonned 
trichlorophospliazothiobenzoyl,  then  the  chief  reaction  product  should  be  benzonitrilc;  this  was,  hov.'cvcr,  produced 
in  16*70  yield  only.  It  follows  from  our  findings  that  tlic  phosphazo  reaction  caruiot  be  applied  to  the  production  of 
thioacylamidophosphoric  acid  derivatives,  and.  in  particular,  of  diesters  of  tliioacylamidophosphoric  acids. 

A  different  approach  to  the  s\-nthesis  of  diesters  of  thioacylamidophosphoric  acids  was  therefore  attempted, 
viz.,  the  reaction  of  N-dialkoxy-  or  N-diaryloxy-phosphinyliminoacyl  chlorides  [2]  with  hydrogen  sulfide  in  the 
presence  of  1  g-mol.  of  tertiary  amines  (triethylamine.  dimcthylaniline,  p)Tidine): 

ArC[  =  NP0(0R)2]C1  -t-  HjS - -  ArCSNiirO(OR)2 

(C3H5)3N 
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The  reaction  proceeded  smoothly  at  room  temperature  in  benzene  or  dioxan  solution,  with  slight  evolution 
of  heat.  If  two  mole  of  triethylarnine  were  added,  the  products  were  the  triethylammonium  salts  of  the  diesters 
of  thioacylamidophosphoric  acids.  The  same  salts  were  formed  (luantitaiivcly  when  cqtiimolecular  amounts  of 
triethylarnine  were  added  to  solutions  of  diesters  of  acylamidopho':phoric  acids  in  etjier  or  dioxan.  When  solutions 
in  benzene  or  dioxan  of  the  triethylammonium  salts  were  treated  with  dry  hydrogen  chloride  the  free  diesters  of 
thioacylamidophosphoric  acids  were  produced  in  nearly  quantitative  yield,  together  with  triethylarnine  hydro¬ 
chloride 

The  die.sters  of  tliioacylamidophosphoric  acids  (Tab’c  1)  are  yellow  or  orange,  crystalline  substances,  insolu¬ 
ble  in  water  Diesters  not  containing  electronegative  substituents  are  v.'eak  acids  10  ^“10'®).  Their  acidity 

is  fairly  considerably  augmented  10’®- 10'®)  by  introduction  of  electronegative  groups.  The  diesters  of  thio¬ 

acylamidophosphoric  acids  are  much  stronger  acids  than  are  the  diesters  of  the  corresponding  acylamidophosphoric 
acids,  the  dissociation  constants  of  which  are  2-3  orders  of  magnitude  lower,  in  tnost  cases  (Table  !)•  The  values 
of  Kjjjy  given  in  the  table  should  be  regarded  as  being  only  approximate,  since  they  were  calculated  from  measure¬ 
ments  of  the  pH  values  of  very  dilute  aqueous  acetone  (1  ;  1)  solutions;  because  of  the  low  solubility  of  most  of  the 
diesters  in  this  solvent,  their  concentration  was  abottt  0.001  N  only.  Owing  to  the  intense  coloration  of  solutions 
of  diesters  of  thioacylamidopliosphoric  acids  the  usual  indicators  cannot  be  used  for  their  titration.  The  diesters 
behave  as  monobasic  acids  wlien  titrated  in  alcohol  solution  with  alkali  blue  as  indicator.  Solutions  of  phenyl, 
and  particularly  of  nitroplicnyl.  esters  of  nitrothiobcnzoylamidophosphoric  acids  are  so  intensely  colored  that  it  is 
difficult  to  titrate  them  accurately,  even  with  alkali  blue  indicator.  The  diesters  of  thioacylamidophosphoric  acids 
gradually  decompose  on  keeping,  becoming  converted  into  viscous  brown  liquids  after  a  few  months.  They  decom¬ 
pose  fairly  rapidly  wlien  heated,  so  that  for  the  determindtion  of  their  melting  point  the  capillary  tube  containing 
the  sample  has  to  be  placed  into  the  heating  medium  at  a  temperature  of  2-3*  below  the  expected  m.p.  When 
the  substances  are  heated  slowly  their  m.p.  is  lower  than  the  actual  one  by  10-15*.  Partial  decomposition  occurs 
during  recrystallization  if  the  solutions  are  heated  for  any  considerable  length  of  time.  The  diesters  of  nitrothio- 
Ix-nzoylamidophosphoric  acids  are  more  stable,  being  unchanged  after  many  monLhs  of  storage.  The  melting  points 
of  diesters  of  thioacylamidophosphoric  acids  are  20-90°  lower  then  are  those  of  the  corresponding  diesters  of  acyl¬ 
amidophosphoric  acids  [3]. 

The  triethylammonium  salts  of  diesters  of  thioacylamidophosphoric  acids  (Table  2)  are  crystalline  substances, 
either  colorless  or  pale  yellow.  in.soluble  in  water,  and  having  a  relatively  low  m.p.  They  may  be  stored  for  many 
months  without  decomposing.  In  alcoholic  solution  they  titrate  against  caustic  alkalis  as  monobasic  acids,  with 
alkali  blue  indicator. 

When  treated  v.nth  mercuric  oxide  in  alcoholic  solution  the  diesters  of  thioacylamidophosphoric  acids  yield 
diesters  of  acylamidophosphoric  acids;  this  reaction  definitely  establishes  their  structure. 

ArCSNHPO(OR)2  +  HgO  ->HgS  +  ArCONHPO(OR)2 

Diesters  of  thioacylamidophosphoric  acids  react  with  phosphorus  pentachloride  analogously  to  diesters  of 
acylamidophosphoric  acids  [2J,  to  give  hydrogen  chloride  (85-P57o).  phosphorus  thiooxychloride  (SS-OS'Jo),  and 
N-diaryloxyphosphinyliminoacyl  chlorides  (62%). 

ArCSNHPO(OR)2  +  PCI5  HCl  -t-  PSCI3  +  ArCr=  NPO(OR)2]Cl 
EXPERIMENTAL 

Diesters  of  thioarylamidophosnhoric  acids  (Table  1).  A  stream  of  dry  hydrogen  sulfide  was  passed  through 
a  solution  of  0.03  mole  of  N-dialkoxy-  or  N-duiryloxy-phosphinyliminoacyl  chloride  in  150-300  ml  of  dry 
benzene  or  dioxan.  with  simultaneous  addition  of  a  solution  of  0.03  mole  of  triethylarnine  in  50  ml  of  benzene 
or  dioxan  over  a  period  of  20-30  min,  after  which  hydrogen  suliide  was  passed  for  a  further  5-10  min.  The  tem¬ 
perature  of  the  reaction  mixture  rose  by  5-10°  over  this  time  Triethylarnine  hydrochloride  separating  out  was 
removed  by  filtration,  and  the  filtrate  was  evaporated  down  at  50"  in  vacuo  vSmall  amounts  of  ether  or  alcohol 
were  added  to  the  residue,  and  tlte  crystalline  material  separating  on  standing  was  collected  on  the  filter,  washed 
with  alcohol,  and  recrystallizcd. 

The  triethylammonium  salts  (Table  2)  were  prepared  in  the  same  way  as  the  free  diesters,  adding  twice  the 
amount  of  triethylarnine  to  the  reaction  mixture. 
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TABLE  1 


DIcsters  of  Thioacylamidophosphoric  Acids  of  the  Type  ArCSNHPO(OR)2 


Ar 

R 

Yield  (%) 

M.p. 

Description 

Found  (%) 

Cells 

Cells 

78.  91  • 

88-89® 

(in  alcohol 
or  CCI4  + 
■‘etroleum 
ether) 

Orange -yellow 
prisms 

N  3.74.  3.95; 

S  8.75.  8.86; 
equiv.  1.012, 1.043. 

Cells 

P-ClCells 

89 

92-93 
(in  alcohol) 

Yellow  needle! 

Cl  16.35.  16.36. 
equiv.  1.032, 1.023. 

Cells 

p-N02Cell4 

79.  9.')* 

97-98 
(in  alcohol 
+  dioxan) 

Yellow  prisms 

N  8.89.  8.94; 
equiv.  1.010, 0.994. 

Cells 

«-C,oH7 

91 

105-100 
(in  alcohol) 

Yellow  prisms 

N  2.95,  2.97. 

0-CIC6II4 

p-CICaIl4 

Cells 

Cells 

97* 

s:i 

111-112 
(in  alcohol) 
100-107 
(in  alcohol) 

Orange- yellow 
prisms 

N  3.44,  3.56; 

Cl  8.64,  8.79. 

N  3.54,  3.58; 

Cl  8.77.  8.83. 

p-  ClCen4 

p-ClCnlh 

7.1 

111  —  112 
(in  alcohol) 

Yellowneedles 

Cl  22.22,  22.24. 

Cell, 

08* 

100-101 
(in  alcohol) 

Yellow  prLsms 

N  3.20.  3.23; 

Br  17.64,  17.67 

p-UrCelU 

Co  1 1  s 

Si 

120-121 
(in  alcohol) 

Orange -yellow 
prisms 

Br  17.99,  18.04. 

g-n(v:cH4 

Cells 

7.'i 

127-128 
(in  alcohol) 

Yellow  prisms 

.N  6.62,  6.75. 

ni-N  ().,(:„!  1, 

Cells 

79 

107-108 
(in  alcohol) 

Orange- yellow 
prisms 

N  6.71,  6.8.5. 

P-NOAIW 

CII3 

70 

l/.7-liS 
(in  alcohol) 

Orange -red 
prisms 

N  9..37.  9.55. 

P-NO2C0H4 

Cell-s 

92 

127-128 
(in  alcohol) 

Bright  orange- 
red  prisms 

N  6.61.  6.77; 

S  7.36.  7.38; 
cquiv.  1 .014, 1.021. 

P-N02CCII4 

P-NO2C0II4 

9;$ 

121-125 
(in  alcohol) 

Reddish- 
orange  prisms 

N  10.92,  11.02. 

3,5-(N02)2C6H3 

CM  3 

70 

160-107 
(in  alcohol) 

Yellow  needles 

N  12.37.  12.49. 

3,.>(N02)2Ccn;, 

Colls 

90 

14'i-  l/i5 
(in  alcohol) 

Yellow  prisms 

N  9.10.  9.14. 

3,r.-(N02)2C(iH3 

p-N02Cr,ll4 

82 

149-1.50 
(in  alcohol) 

Reddish- 
orange  prisms 

N  13.01,  13.02. 

Colls 

77 

111-112 
(in  alcohol) 

Orange- yellov 
prisms 

N  3.57,  3.64. 

•Yield  from  the  tricthylammonium  salt. 

•  •Calculated;  cquiv.  1.000. 

•  •  ’All  the  compounds  were  not  soluble  in  water  or  in  boiling  petroleum  ether;  t  readily  soluble  at  20* 

•  •  •  •Calculated  from  the  pH  values  at  20“  in  0.001-0.01  N  aqueous  acetone  (1  ;  1)  solutions. 
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Empirical 

fonmila 


Calc. 
(%)  *  • 


Solubility  •  •  • 


8  "o  I  g  G 


Dissociation  constant  K  •••• 


G 

I 

-•  X  . 

t-a  o  I. _ _ 


\rCSNHPO(OR), 


ArCONHl'O(OR), 


c,pn,fiO,NSP 

N  3.79; 

-b 

i 

4 

-b 

1 

4- 

4- 

+ 

8  •  in-« 

6  .  jO-»o 

S  a.  63. 

4- 

-L 

4- 

CinlluOaNSPClj 

Cl  1H.IH 

4- 

4- 

4- 

+ 

-b 

4" 

(:,„n,40;N,si’ 

N  9. If). 

= 

i_=: 

-- 

'b 

4- 

4- 

'(  •  10-'-. 

8  •  10-7 

4- 

4 

CojUaoOnNSr 

N  2  9S. 

= 

- 

-- 

4- 

4- 

6 .  10-8 

8  •  10-10 

N  a.'J; 

■f 

-b 

f 

4- 

-b 

■ 

Cl  8.7a. 

-b 

-b 

<-iullir,OaNSPCl 

N  3./, 7; 

— 

- 

4- 

-b 

4- 

4- 

2  •  in-7 

2  .  10-8 

Cl  8.78. 

4- 

4- 

Cl  32..')n. 

- 

f 

4- 

4" 

4- 

3  .  in-« 

9  .  10-8 

4- 

-b 

(:,s,II,r,0;,NSI’I{r 

N  3.12; 

+ 

— 

4- 

-b 

4- 

4- 

— 

— 

Hr  17.83 

4- 

-b 

C,!,II,50;,NSI’nr 

Hr  17.83. 

— 

4- 

-1- 

1 

T 

+ 

8  .  10-« 

4  .  10-8 

4- 

4-  1 

N  6.76. 

- 

-- 

•f 

4- 

4- 

4-  i 

6  .  10-7 

— 

4- 

-b 

CisH.sOsNaSP 

N  6.76, 

— 

— 

4- 

4- 

4- 

4- 

2  .  10-s 

8  .  10-8 

4- 

-b 

Call.iOsNaSP 

N  0.65. 

_ 

— 

4- 

-b 

4- 

4- 

6  .  10-8 

4  .  10-8 

4- 

4- 

N  6.76; 

S  7.7-'i. 

= 

== 

— 

4- 

f 

A  •  10-8 

,  4  .  10-8 

N  11.11. 

= 

= 

= 

-b 

4" 

4  .  10-.^ 

8  .  10-8 

CoM,o07N3SP 

N  12,.5/i 

4 

j.. 

t- 

4- 

2  •  10-' 

2  .  10-8 

-b 

4- 

14^7 

N  9.1b. 

= 

- 

- 

4- 

4- 

2  .  10-' 

4  .  10-0 

(^jfllljaOjiNjSP 

N  12.75. 

= 

- 

4- 

4- 

- 

— 

f'23Hl803NSP 

N  3.3 

4- 

b 

L 

4- 

_ 

1 

4- 

4- 

readily  soluble  at  the  b.p.;  "sparingly  soluble  at  the  b.p.;  =  insoluble  at  the  b.p. 
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g  3  ^ 

^  00  ^  ^  *0 

^  CO  ^  ^  lO 

s 

‘^'  CD*  ^  ^  era 

Z  cn  m  rH  Z  U  2 


«  «  U  U 
oj  c  m  c 


2  .xi 

to  to 

u  u 


05  3  b 

—w  ^ 

2  U4  t-H 


<D  O 

o 

o 

CO 

o 

O  42 

^  42 

^  42 

CO 

42 

iH  O 

(N  O 

OJ  o 

rH 

O 

1  y 

C3  O 

O)  0 

1 

o 

m 

o  ^ 

r-(  «« 

rH  ^ 

CO 

cd 

tH 

a> 

05 

rH 

Yield  from  diesters  of  thioacylamidophosphoric  acids. 

•Calculated  equiv.  1.000. 

•  "All  substances  are  insoluble  in  water  at  the  b.p.,  but  readily  soluble  in  boiling  alcohol. 


Preparation  of  dicsters  of  thioacylamidophosphoric  acids  from  dieir  triethvlammonium  salts.  Solutions  of 
0.01  mole  of  triethylammonium  salts  of  thioacylamidophosphoric  acids  in  80-100  ml  of  benzene  or  dioxan  were 
saturated  v.’ith  hydrogen  chloride-  The  precipitate  of  irieihylamine.  hydrochloride  which  appeared  initially  went 
into  solution  again  as  passage  of  hydrogen  chloride  was  continued.  The  reaction  mixture  v;as  evaporated  down  to 
about  half  its  initial  volume,  under  reduced  pressure,  when  a  precipitate  of  triethylamine  hydrochloride  appeared. 
It  was  filtered  off.  the  filtrate  was  evaporated  down  to  small  volume  in  vacuo,  and  a  small  amount  of  alcohol  was 
added  to  tile  liquid  residue-  Crystals  of  diesters  rapidly  settled  out.  and  were  collected  on  the  filter,  and  recrystal¬ 
lized. 

Prcpar.ation  of  triethylammonium  salts  from  the  free  diesters.  To  a  solution  of  0.001  mole  of  diesters  of 
thioacylarnidophospiioric  acid  in  25-50  ml  of  ether  or  dioxan  we  added  0.001  mole  of  triethylamine,  and  the 
solution  W'as  evaporated  to  drymess  in  vacuo-  The  yields  of  salts  were  quantitative- 

Reaction  of  dipltenyl  esters  of  thioacylamidophosphoric  acids  with  mercuric  oxide.  A  mixture  of  0.006 mole 
of  diphenyl  ester  of  thiobenzoylamidopliosplioric  acid  and  0.0066  mole  of  mercuric  oxide  in  30  ml  of  alcohol  was 
boiled  under  reflux  on  a  water  bath  until  disappearance  of  the  yellow  coloration  due  to  mercuric  oxide.  The  pre¬ 
cipitate  of  mercuric  sulfide  was  filtered  off.  the  filtrate  was  evaporated  dotm  under  reduced  pressure,  to  remove 
alcohol,  and  2.5  ml  each  of  ether  and  alcohol  v;ere  added  to  the  liquid  residue-  The  diphenyl  ester  of  benzoyl- 
amidophosphoric  acid  soon  crystallized  from  the  mixture  [3],  and  was  collected  on  the  filter  and  washed  with 
ether.  Yield:  41^o;  the  product  gave  no  depression  of  m.p.  when  mixed  with  an  authentic  specimen. 

Reactions  of  diesters  of  acylamidophosphoric  acids  with  phosphorus  pentachloride.  A  mixture  of  0.05  mole 
cf  diphenyl  ester  of  thiobenzoylamidophosphoric  acid  v.'ith  0.05  mole  of  phosphorus  pentachloride  was  heated  on 
an  oil  bath  at  80-90“  until  evolution  oi  hyurogen  chloride  ceased;  this  took  10-15  min.  The  hydrogen  chloride 
was  collected  and  deterinined  in  the  usual  way;  the  yield  was  85-95%.  Phosphorus  thiooxychloiide  was  distilled 
off  in  vacuo,  and  collected  in  a  receiver  cooled  to -70*;  the  yield  was  85-957a  To  the  liquid  residue  we  added 
20  ml  of  petroleum  ether.  A  crystalline  deposit  of  N-diphenoxyphosphinyliminobcnzoyl  chloride  soon  separated, 
in  C2%  yield;  it  was  identified  from  its  mixed  m.p.  with  an  authentic  specimen,  and  by  its  conversion  into  phenyl 
N-diphcnoxyph.ospliinyliminobenzoatc  (yield  80%)  [4]  and  into  diphenyl  bcnzoylamldophosphite  (yield  90%)  [3]. 
The  analogous  reaction  products  were  obtained  from  phosphorus  pentachloride  and  other  diesters  of  thioacylamido 
phosplioric  acids. 


SUMMARY 

1.  Amides  of  aromatic  thiocarboxylic  acids  react  in  a  more  complex  manner  with  phosphorus  pentachlo- 
ridc  than  do  amides  of  aromatic  carboxylic  acids,  the  reaction  proceeding  simultaneously  in  several  directions. 
Trichloropliosphazothioacyls  could  not  be  isolated  from  the  reaction  mixture. 

2.  Diesters  of  thicacylcmidophosphoric  acids  have  been  prepared  by  the  action  of  hydrogen  sulfide  on  acid 
chlorides  of  N- dialkoxy-  and  N-c!iaryloxy-phosphinyliminocarboxylic  acids  in  the  presence  of  tertiary  bases.  The’ 
properties  of  the  resulting  diesters  of  thioacylamidophosphoric  acids  arc  described,  as  well  as  certain  of  their 
reactions. 


LITERATURE  CITED 

1.  A.  V.  Kirsanov.  Zhur.  Obshchei  Khim.  88,  269.  1346  (1952);  Chemistry  and  Applications  of  Organophos- 
phorus  Compounds  [in  Russian]  (Academy  of  Sciences  USSR  Press.  1957).  A-  V.  Kirsanov  and  I.  N. 
Zlimurova.  Zhur.  Obshchei  Khim.  2478  (1958). 

2.  G.  I.  Derkach,  Zhur.  Obshchei  Khim.  241  (1959). 

3.  A.  V.  Kirsanov  and  R.  G.  Makitra.  Zhur.  Obshchei  Kliim.  35  (1958). 

4.  A.  V.  Kirsanov  and  G.  I.  Derkach,  Zhur.  Obshchei  Khim.  29,  600  (1959). 


3011 
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The  isocyanate  group  of  acid  dichlorides  [1]  and  esters  [2]  of  isocyanatophosphoric  acids  reacts  typically 
with  alcohols  and  phenols  [2]  and  amines  [3],  giving  the  corresponding  derivatives  of  N- phosphates  of  urethane 
and  carbamide. 

CiaPONCO+ROH  — *  Clgl’ONHCOOIl 
(HOsPONCO -f  R'NHj  — ►  (UO).J’ONHCONMU' 

Dicsters  of  phosphorous  acid  readily  form  addition  compounds  with  a  wide  variety  of  unsaturated  compounds 
possessing  an  active  double  bond  [4],  including  alkyl  and  aryl  isocyanates  [5]. 

We  thought  it  to  be  of  interest  to  ascertain  whether  diesters  of  phosphorous  acid  would  form  addition  com¬ 
pounds  with  diesters  of  isocyanatophosphoric  acid,  to  give  diesters  of  N-dialkoxy-  or  N-diaryloxy-phosphinyl- 
carbaminylphosphinic  acids  (1);  representatives  of  this  class  of  compounds  have  not  yet  been  reported  in  the 
literature. 

(HOV’ONCO  +  (U'Ol^l’OH  (nO)2l’ONlICOPO(OR')2 

(1) 

A  small  rise  in  temperature  is  observed  when  dimethyl  isocyanatophosphate  (II)  and  C^-Cs  dialkyl  phos¬ 
phites  are  mixed,  in  equimolecular  proportions.  The  reaction  proceeds  more  energetically  in  the  presence  of 
catalysts  (sodium  ethoxide  or  triethylamine),  and  the  temperature  rises  to  50-60*  No  evolution  of  heat  was  seen 
when  diphenyl  isocyanatophosphate  (III)  was  mixed  with  dialkyl  phosphites  in  the  absence  of  catalyst.  At  100*. 
and  in  the  presence  of  l-27oof  sodium  ethoxide  or  triethylamine,  the  reaction  between  substance  (II)  and  dialkyl 
phosphites  proceeds  to  completion  within  2-6  hr,  of  (IE)  with  dialkyl  phosphites,  and  of  (II)  with  diaryl  phosphites 
within  8-12  hr,  and  of  (III)  with  diaryl  phosphites  within  18-20  hr. 

The  dicsters  of  N-dialkoxy-  and  N-diaryloxy-phosphinylcarbaminylphosphinic  acids  (see  table)  are  trans¬ 
parent,  colorless,  viscous  liquids,  with  a  characteristic  smell,  resembling  that  of  bitter  almonds.  They  cannot  be 
distilled  without  decomposition,  so  that  they  have  to  be  purified  by  fractional  precipitation  from  various  solvents, 
for  elimination  of  catalysts  and  other  admixtures.  The  individuality  and  the  degree  of  purity  of  the  products  were 
assessed  from  the  experimentally  determined  molecular  refractions,  which  agreed  closely  with  the  calculated  data. 
Except  for  the  lowest  homologs  (Nos.  1-4  of  the  table),  the  esters  are  all  insoluble  in  water.  They  are  readily  solu 
ble  in  alcohol,  benzene,  dioxan.  methylene  chloride,  acetone,  dichloroethane.  and  nitromethane  at  20“;  they  are 
insoluble  in  ether,  petroleum  ether,  and  carbon  tetrachloride  Substances  Nos.  1-4  are  fairly  rapidly  hydrolyzed 
by  water;  the  remaining  esters  arc  hydrolyzed  only  very  slowly,  probably  because  of  their  insolubility  in  water. 

All  the  dicsters  of  formula  (I)  exhibit  acidic  properties,  and  arc  soluble  in  aqueous  alkalis  and  in  sodium  carbonate 
solutions.  When  mixed  with  organic  bases  (aniline,  pyridine,  triethylamine)  the  dicsters  react,  with  evolution  of 
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Diesters  of  N-Dialkoxy-  and  N-Diaryloxy-phosphinylcarbaminylphosphinic  Acids  of  the  Type  (PO)2PONHCOPO(OR*)2 


Found OCH3  47.24.  Calculated  %  OCH3  47.51. 
♦Found  %  CXH3 16.00.  Calculated  %  OCH3 16.10. 

• ‘Found CX:H3  16.13.  Calculated  %  OCH3  16.10. 


heat,  to  give  salts  in  the  form  of  very  viscous,  uncrystallizable  oils.  With  sodium  ethoxide  in  alcoholic  solutions 
the  diesters  of  type  (I)  afford  sodium  salts,  which  are  readily  soluble  in  alcohol,  and  which  could  not  be  obtained 
in  crystalline  form.  Preliminary  tests  showed  that  the  diesters  of  type  (1)  had  insecticidal  properties. 

The  dimethyl  (11)  and  diphenyl  (III)  esters  of  Lsocyanatophosphoric  acid  were  prepared  by  thermal  decomposi¬ 
tion  of  the  corresponding  urethane- phosphoric  acids  [6].  The  dimethyl  ester  (II)  was  obtained  pure  after  two  redis- 
tillations.  The  experimentally  determined  value  of  molecular  refraction  agreed  closely  with  the  calculated  value- 
Diphenyl  urethane -phosphate,  from  wiiich  diester  (III)  was  prepared,  was  obtained  by  the  method  described  in  [2], 
as  well  as  by  the  action  of  diphenyl  phosphoryl  chloride  on  the  sodium  salt  of  ethyl  urethane: 

(CoH50)2POCl  +  NaNIIGOOCzHs  (C«Hr,0)2r0NnC00C2H5 

p,  p'-Dichlorophenyl  phosphite  has  not  previously  been  described;  it  was  prepared  by  the  method  recently  published 
in  the  literature  [7]. 

EXPERIMENTAL 

Diesters  of  N-dialkoxy-  and  N-diaryloxy-phosphinylcarbaminylphosphinic  acids  (I)  (see  table).  To  a  mix¬ 
ture  in  equimolecular  proportions  of  ester  (II)  or  (HI)  and  dialkyl  or  diaryl  phosphate  we  added  l-2‘70of  dry  sodium 
ethoxide  or  triethylamine,  and  the  mixture  was  placed  on  a  boiling  water  bath.  One  or  two  drops  of  the  reaction 
mixture  were  withdrawn  from  time  to  time,  and  mixed  with  an  equal  volume  of  water.  Bubbles  of  carbon  dioxide 
appear  as  long  as  there  is  any  free  ester  (H)  remaining  in  the  mixture,  while  if  there  is  any  free  ester  (HI )  remain¬ 
ing, crystals  of  diphenyl  phosphamate  separate  out.  Ester  (H)  was  heated  with  dialkyl  phosphites  for  2-6  hr,  and 
with  diaryl  phosphites  for  8-12  hours.  Ester  (III)  was  heated  with  dialkyl  phosphites  for  8-10  hours,  and  with  diaryl 
phosphites  for  18-20  hours. 

The  substances  numbered  1-4  in  the  table  were  washed  several  times  with  petroleum  ether  (to  eliminate 
excess  of  dialkyl  phosphites),  and  then  dissolved  in  benzene,  the  solution  was  filtered,  and  the  filtrate  was 
evaporated  down  at  50-60“  under  reduced  pressure,  which  was  maintained  at  0.5  mm  for  two  hours  after  most  of 
the  benzene  had  been  removed. 

The  substances  numbered  5-16  in  the  table  were  washed  two  or  three  times  with  petroleum  ether,  twice 
with  cold  water,  and  dissolved  in  benzene,  the  solution  was  dried  with  sodium  sulfate,  and  benzene  was  distilled 
off  under  reduced  pressure- 

The  substances  number^jd  17-22  in  the  table  were  washed  three  times  with  cold  water,  and  then  dissolved 
in  benzene-  The  solution  was  dried  with  sodium  sulfate,  and  benzene  was  distilled  off  under  reduced  pressure. 

p, p' -Dichlorodiphenyl  phosphite,  A  mixture  in  equimolecular  proportions  ofp,p',p"-trichlorotriphenyl 
phosphite  and  glacial  acetic  acid  was  heated  on  an  oil  bath  for  two  hours  at  120-130",  and  p-chlorophenyl  acetate 
formed  in  the  reaction  was  distilled  off  in  vacuo.  The  residue  was  washed  with  6-7  portions  of  hot  petroleum  ether, 
and  was  then  heated  at  80-90"  in  vacuo,  to  remove  petroleum  ether.  The  residual  oil,  n^D  1.5720,  soon  cry-stal- 
lized,  giving  a  yield  of  64% of  product,  m.p.  44-46",  It  was  readily  soluble  in  ether,  alcohol,  acetone,  dioxan, 
benzene,  chloroform,  and  carbon  tetrachloride,  but  was  insoluble  in  water  and  in  petroleum  ether. 

Found  %  Cl  24.41;  P  10.36.  C12II9O3PCI2.  Calculated  %  Cl  23.43;  P  10.23. 

Dimethyl  isocyanatophosphate  (II)  was  prepared  by  the  method  described  in  [6]. 

B.p.  80"  (5  mm).  n^'^D  1.4150,  d"°4  1.3192,  MRp  28.62.  C3HGQ1NP.  Calc.  MRp  29.09. 

^iphenyl  ethylure  thane  phosphate .  To  a  solution  of  0.1  moles  of  ethylurethanc  in  100  ml  of  dry  benzene 
we  added  0.1  moles  of  finely  divided  sodium  metal,  and  heated  the  mixture  under  reflux  until  all  the  sodium 
had  dissolved.  We  then  added  0.1  moles  of  diphenyl  phosphoryl  chloride,  and  boiled  the  mixture  on  an  oil  bath 
for  8  hr.  We  then  added  200  ml  of  water  to  the  cooled  mixture,  to  dissolve  out  sodium  chloride.  The  benzene 
layer  was  separated,  and  was  shaken  with  5% caustic  soda  solution  (3  X  100  ml).  Tlie  aqueous  layer  was  separated, 
and  made  acid  to  Congo  red  with  concentrated  hydrochloric  acid.  An  oil  separated,  and  then  gradually  crystallized. 
The  product  was  collected  on  the  filter  pump,  and  was  rccrystallized  from  benzene -petroleum  ether  mixture; 
m.p.  95-96",  yield  48%.  It  gave  no  depression  of  in.p.  when  mixed  with  an  authentic  specimen- 


SUMMARY 


Diestcrs  of  N-dialkoxy-  and  N-diaryloxy-phosphinylcarbaminylphosphinic  acids  have  been  prepared  by  the 
reaction  of  diestcrs  of  isocyanatophospiioric  acid  with  diesters  of  phosphorous  acid.  The  reaction  is  accelerated 
in  the  presence  of  sodium  ethoxidc  or  triethylr.mine.  Some  of  the  properties  of  a  series  of  diesters  of  N-dialkoxy- 
and  N-diaryloxy-phosphinylcarbaminylphosphinic  acids  are  described. 
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When  studying  the  exchange  of  iodine  for  chlorine  in  phenyldichlorophosphorus  by  the  action  of  alkali 
metal  iodide,  it  was  observed  that  the  reaction  course  depends  on  the  nature  of  the  solvents  used;  consequently, 
it  was  decided  to  study  this  reaction  on  a  simpler  example,  namely,  on  phosphorus  trichloride. 

The  literature  describes  the  exchange  of  iodine  for  chlorine  in  PCI3  by  the  action  of  HI  as  resulting  in  the 
formation  of  PI3  [1].  On  detailed  study  of  the  reaction  of  PCI3  with  alkali  metal  iodides  it  was  found  that  lithium 
iodide  (without  solvents  or  in  benzene)  or  sodium  or  potassium  iodides  (in  boiling  benzene)  reacted  with  PCI3  to 
give  only  PI3,  which  was  extracted  from  the  reaction  mixture  with  boiling  benzene  or  dichloroethane.  and  was 
obtained  with  about  90%  yield  in  analytically  pure  state  (m.p.  61-62‘’)(see[2] ).  Under  these  conditions  the  reac¬ 
tion  proceeds  in  such  solvents  as  toluene,  xylene,  and  others, the  molecules  of  which  do  not  contain  atoms  with 
unshared  electron  pairs  capable  of  giving  onium  compounds.  Thus,  iodides  of  alkali  metals  under  the  given  con¬ 
ditions  react  with  PCI3  the  way  HI  does  [1]. 

During  interaction  of  PCI3  with  alkali  metal  iodides  in  ether  or  dioxanc  solutions,  the  reaction  products, 
regardless  of  the  nature  of  the  iodide  cation,  are  P2l4  (m.p.  125-126°,  56-637o)  and  iodine.  Obviously,  the  ether 
catalyzes  the  conversion  of  tlie  initially  formed  PI3  to  P2I4.  This  assumption  is  substantiated  by  the  fact  that  by 
action  of  ether  on  prepared  PI3  (20°,  7  lirs)  P2li  is  also  obtained  (11%).  Most  likely,  PI3  combines  with  the  ether 
to  give  the  unstable  oxonium  salt  which  then  decomposes  to  P2lt  and  iodine; 

2PI3  +  2(C2ll5)20  ->  2[(C2H50)20Pl2]"T  -  2(02115)20  +  P2I4  +  I2 

Phosphorus  diiodide  quite  readily  reacts  with  dioxane,  and  therefore  when  the  latter  is  used  the  yields  of 
P2I4  are  small  (~  20%) and  the  product  is  rather  impure  (m.p.  123-124°).  When  ether  is  used,  the  product  is  pure, 
the  reaction  yields  about  70% and  can  be  used  successfully  for  preparatory  purposes.  Even  pure  P2lt  (m.p.  126- 
127°,  72%)  is  obtained  when  the  PI3  is  v/orked  up  with  ether  in  the  presence  of  red  phosphorus,  which  in  turn  is 
converted  to  P2lj.  However,  for  preparatory  purposes  it  is  more  satisfactory  to  obtain  P2I1  directly  from  red  phos¬ 
phorus  and  iodine  in  ether  solution.  In  that  case  the  yields  are  considerably  lower  (41%),  but  one  need  not  get 
PI3  as  the  intermediate  product,  and  the  P2lt  obtained  need  not  be  further  purified  (m.p.  126-127°). 

EXPERIMENTAL  PART 

Reaction  of  PCI5  with  alkali  metal  iodides.  To  a  mixture  of  0.6  mole  of  carefully  pulverized,  vacuum 
dried  (at  180°)  alkali  metal  iodide  and  200  ml  dry  benzene  0.2  mole  PCI3  was  addi;d  witli  vigorous  agitation. 
Lithium  iodide  very  vigorously  reacted  widi  PCI3  giving  off  much  heat- the  reaction  was  finished  within  10  min. 
With  Nal  or  KI  the  reaction  mixture  was  refluxed  for  4  hr.  The  PI3  was  extracted  with  boiling  benzene  or  dichloro¬ 
ethane.  The  yield  was  90%,  m.p.  61-62°;  no  m.p.  depression  occurred  with  conventionally  prepared  PI3  [2]. 

Reaction  of  PCI3  with  alltali  metal  iodides  m  the  presence  of  ether.  To  a  mixture  of  0.6  mole  of  carefully 
vacuum  dried  and  pulverized  alkali  metal  iodide  and  160  ml  dry  ether  (when  Lil  and  ether  were  mixed,  much  heat 
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Solvent 


evolved)  v/.is  added  slowly  and  under  vigorous  mechanical  stirring  0.2  mole  PCI3,  and  the  mixture  was  boiled 
under  reflux  with  agitation" in  the  case  of  Lil  for  one  hour.  KI  and  Nal  for  5  hr.  The  ether  was  vacuum  distilled 
and  P2li  extracted  from  the  residue  with  boiling  dichloroc thane.  Yields;  with  Lil  56*70,  with  Nal  62*70,  with  KI  63*7o; 
m.p.  124- 26'. 

Reaction  of  PIj  with  ether  and  dioxanc.  A  mixture  of  0.04  mole  PI3  and  120  ml  dry  ether  was  vigorously 
agitated  at  room  temperature-  The  precipitate  gradually  changed  in  appearance  and  after  6-7  hr  all  of  the  PI3 
was  fully  converted  to  P2I4.  The  precipitate  was  suctioned  off.  washed  with  ether  (2X5  ml),  dichloroethane 
(2X5  ml),  and  vacuum  dried.  Yield:  71*7o,  m.p.  125-127*. 

When  the  reaction  was  carried  out  under  the  same  conditions  in  dioxane,  the  yield  of  P2l4  was  20°Jo,  m.p. 
123-124*. 

Reaction  of  PI3  \s'’th  ether  in  the  presence  of  red  phosphorus.  A  mixture  of  0.025  mole  of  PI3,  0.014  mole 
red  phosphorus,  and  40  ml  of  dry  ether  was  refluxed  and  vigorously  agitated  for  2  hr,  the  ether  vacuum  distilled, 
and  the  P2I.1  extracted  with  boiling  dicliloroe thane.  Yield:  72*7o.  m.p.  128-127*. 

Phosphorus  diiodide  from  red  phosphorus  and  iodine.  A  mixture  of  300  ml  dry  ether,  0.4  mole  iodine,  and 
0.22  mole  red  pho'^phorus  was  vigorously  agitated  at  room  temperature  for  9  hr.  Further  treatment  was  tne  same 
as  above.  Yield  41*7%  m.p.  126-127®. 

Solubility  of  phospliorus  diiodide  and  triiodide  in  organic  solvents  at  20*  was  determined  in  grams  per  100  g 
of  saturated  solution. 


SUMMARY 

PI3  is  obtained  by  the  action  of  alltali  metal  iodides  on  PCI3  in  the  absence  or  presence  of  solvents  incapa¬ 
ble  of  forming  onium  compounds  (benzene,  hexane,  etc.). 

P2l<  is  formed  by  the  action  of  alkali  metal  iodides  on  PI3  in  the  presence  of  solvents  capable  of  forming 
onium  compounds  (ether,  dioxane,  etc.). 

When  PI3  reacts  with  ether,  it  seems  that  an  unstable  oxonium  salt  is  formed,  which  then  decomposes  to 
give  P2IJ  and  iodine. 

When  red  phosphorus  reacts  with  iodine  in  ether  or  dioxane  solution,  P2I4  is  fomied. 

A  convenient  method  to  prepare  pure  P2I4  and  PI3  was  worked  out,  starting  from  PCI3  or  indirectly  from  red 
phosphorus  and  iodine. 
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The  phosphazo  reaction  [1]  was  discovered  in  1952;  it  made  possible  the  preparation  of  trichlorophosphazo 
compounds  of  the  AcN  =  PCI3  type,  where  Ac  can  be  most  any  acyl. 

AcNHz  +  PCI5 ->  2HC1  +  AcN  =  PCI3 

It  has  been  firmly  established  that  the  phosphazo  reaction,  with  a  few  exceptions,  is  common  to  amides  of 
all  acids.  The  problem  arises  whether  this  reaction  is  specific  only  for  acid  amides  or  whether  it  is  general  for 
all  compounds  containing  the  NH2  group,  the  amino  group  included.  Up  to  now  compounds  of  the  type  ArN  =  PCI3 
and  AlkN  =  PCI3  were  hardly  known.  Gilpin  reported  obtaining  trichlorophosphazophenyl  on  heating  aniline  hydro¬ 
chloride  with  PCI5  to  170®  [2],  but  he  did  not  describe  the  nature  of  the  product.  An  experimental  check  on 
Gilpin’s  data  showed  that  under  the  conditions  he  described  a  resinous  mass  was  formed  from  which  it  was  impos¬ 
sible  to  isolate  individual  substances.  Trichlorophosphazophenyl  is  also  mentioned  in  a  patent  [3]  without  descrip¬ 
tion  of  properties  and  preparation  method.  Bicber  and  Kane  obtained  trichlorophosphazo- p-chlorosulfonylphenyl 
by  reaction  of  sulfanilic  acid  with  PCI5  [4]. 

The  reaction  of  PCI5  with  a  number  of  aromatic  amines  and  some  derivatives  of  arylamidophosphoric  acids 
was  studied  here. 

Trichlorophosphazoacyls  are  obtained  practically  quantitatively  by  the  action  of  PCI5  on  acid  amides  [1], 

A  compound  very  similar  to  tricti’orophosphazoaryls  (see  Table  1)  is  obtained  in  good  yield  by  the  action  of 
aromatic  amines  or  their  hydrochlorides  with  PCI5  in  boiling  carbon  tetrachloride. 

ArNHz  +  PCI5  ->  2HC1  +  ArN  =  PCI3  (I) 

ArNHjCl  +  PCI5  -  3IIC1  +  ArN  =  PCI3  (H) 

Trichlorophosphazoaryls  (20-23)  obtained  from  weakly  basic  aromatic  amines  in  their  chemical  and  physical 
properties  resemble  trichlorophosphazoacyls.  They  are  very  soluble  in  nonpolar  solvents,  low  melting,  very  easily 
hydrolyze  to  dichloroanhydrides  of  arylamidophosphoric  acids,  and  their  molecules  are  monomeric  in  benzene 
solution. 

Trichlorophosphazoaryls  (1-19)  obtained  from  more  basic  aromatic  amines  have  very  different  properties 
from  those  of  trichlorophosphazoacyls.  As  a  rule,  trichlorophosphazoacyls  arc  low  melting,  readily  soluble  in 
benzene,  ether,  and  CCI4  [1].  Compounds  (1-19)  arc  colorless  [excepting  the  light-yellow  (18)  and  (19)],  crystalline, 
rather  high  melting,  and  difficultly  soluble  iit  nonpolar  solvents. 

Trichlorophosphazoacyls  melt  much  lower  than  the  dichloroanhydrides  of  acylamidophosphoric  acids  [1]  cor¬ 
responding  to  them.  Compounds  (1-19),  on  the  other  hand,  melt  much  higher  titan  the  corresponding  dichloroan¬ 
hydrides  of  arylamidophosphoric  acids.  Thus,  e  g.,  dichloroanhydridc  of  phenylamidophosphoric  acid  melts  at  84* 
[5],  but  the  compound  with  structure  C^lIsN  =  PCI3  melts  at  180-82®.  Only  dichloroanhydrides  of  nitroplienylamido- 
phosphoric acids  melt  little  higher  than  their  corresponding  trichlorophosphazonitrophcnyls  (compounds  17-19). 
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Tricliloropliosphazoacyls  hydrolyze  very  easily  in  water  or  atmospheric  moisture  to  form  much  less  hydro¬ 
lyzable  dichloroanhydrides  of  acylamidophosphoric  acids.  Trichlorophosphazoaryls  (1-19)  are  comparatively 
resistant  to  the  action  of  water  and  atmospheric  moisture.  In  cold  water  they  decompose  sluggishly  to  give  the 
initial  amine,  hydrochloric  and  f)hosphoric  acids.  We  did  not  succeed  in  obtaining  from  them  dichloroanhydrides 
of  the  corresponding  arylamidopliosphoric  acids  by  the  action  of  water.  Only  from  compounds  (12-18)  after  de- 
pol)ancrization  (see  below)  by  boiling  in  benzene  solution  did  we  succeed  in  obtaining  dichloroanhydrides  of  the 
corresponding  arylamidopliosphoric  acids  by  the  action  of  formic  acid. 

The  sharp  differences  in  the  physical  and  chemical  properties  of  compounds  (1-19)  and  other  phosphazo 
compounds  make  one  wonder  whether  they  are  true  trichlorophosph.azo  compounds.  Analytical  results  leave  no 
doubi  as  to  their  composition.  One  must  assume,  then,  that  these  compounds  have  molecular  weights  which  are 
muhiples  of  trichlorophosphazoaryl  molecular  weights.  Actually,  cryoscopic  molecular  weight  determination  in 
benzene  showed,  that  compounds  (1-.9)  and  (8- 15)  have  double  molecular  weight,  i.e,,  are  not  true  trichlorophos- 
phazo  compounds  ArN  =  PCI3,  but  their  dimers  (ArN  -  PClslj. 

We  did  not  succeed  in  determining  the  molecular  weight  of  the  very  sparingly  benzene -soluble  compounds 
(4-7);  but  because  they  are  very  similar  to  trichlorophosphazoaryls  (1-3)  and  (8-15),  they  can  be  quite  reasonably 
considered  dimeric. 


Heating  compounds  (1-3)  in  benzene  solution  to  boiling  does  not  change  their  properties -the  substances  in 
solution  remain  dimeric.  Compounds  (8-15)  on  solution  in  benzene  at  room  temperature  are  dimers,  but  when  the 
benzene  solution  is  heated  to  boiling,  they  are  depolymerized;  dimerization  does  not  happen  on  cooling  of  the 
solution  or  even  after  prolonged  storing  of  the  solution  at  room  temperature. 

When  compounds  (12-15)  are  boiled  in  benzene  solution,  complete  depolymerization  occurs,  but  compounds 
(8-11)  depolymerize  only  partially.  It  was  impossible,  in  any  case,  to  isolate  crystalline  monomers  of  (8-15),  since 
crystalline  dimers  identical  vnth  the  initial  substances  were  obtained  on  evaporation  of  their  benzene  solution.  On 
solution  of  tho.se  compounds  in  benzene  and  at  room  temperature,  dimer  solutionswere  obtained,  which  again  could 
be  depolymerized  by  heating  to  boiling. 


Thus,  for  compounds  (12-15)  any  number  of  the  conversion 

Benzene  soln. 

CRYSTALLINE  20*  Vacuum 

DIMER  , _ 

evaporation 


cycles  below  is  possible: 

DIMER  SOLN. 

boiling  of  soln 
MONOMER  SOLN. 


Compounds  (16-18)  sparingly  dissolve  in  benzene,  and  so  it  was  not  possible  to  determine  their  molecular 
weight  in  solutions  without  preliminary  heating.  On  boiling,  compounds  (16-18)  quite  readily  dissolve  in  benzene 
and  on  cooling  precipitate  very  slowly,  which  fact  enabled  us  to  determine  their  molecular  weights  in  the  monomeric 
fonn  "after  boiling."  Judging  from  the  rest  of  their  properties,  compounds  (16-18)  in  benzene  solution  and  at  room 
temperature  are  probably  dimers.  Compound  (19),  according  to  its  physical  properties  (see  above),  probably  is  a 
dimer  in  the  crystalline  state,  but  on  solution  in  benzene  at  room  temperature  it  is  monomeric, 

Trichlorophosphazo  compounds  from  aromatic  amines  can  be  broken  dov.m  into  five  groups  (sec  Tabic  1> 

1)  Dimers  in  the  crystalline  state,  dimers  on  solution  in  cold  benzene,  and  those  remaining  dimeric  after  boiling 
in  benzene  solution;  2)  wiili  those  same  properties,  but  partially  dc polymerizing  on  boiling  of  the  benzene  solu¬ 
tion;  3)  those  fully  depolymerizing  on  boiling  of  the  benzene  solutions;  4)  substances  dimeric  in  the  crystalline 
state,  but  dcpolyonerizing  on  solution  in  cold  benzene;  5)  substances  monomeric  in  all  states. 

Undoubtedly  there  c.xists  a  connection  between  the  properties  of  trichlorophosphazoaryls  and  the  basicity 
of  the  initial  amines.  The  greater  the  basicity,  the  greater  the  tendency  to  form  dimers.  The  value  of 
does  not  define  quite  strictly  to  which  of  two  neighboring  groups  a  compound  belongs,  but  K^^sicity  original 

amine  determines  definitely  whether  the  compound  belongs  to  the  first,  third,  or  fifth  group  (see  Table  1). 

Dimers  of  trichlorophosphazophenyl  (compound  1)  and  trichlorophosphazo- p-tolyl  (compound  4)  do  not 
depolymerize  even  at  the  melting  temperature  of  camphor.  Wc  did  not  succeed  in  determining  the  molecular 
weight  of  other  trichlorophosphazoaryls  in  camphor,  since  they  decomposed  on  fusion  with  camphor.  In  a  more 
polar  solvent— dioxane  -  all  dimers  of  trichlorophosphazoaryls  fully  dissociated  to  monomers. 
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TABLE  1 


Trichlorophosphazoaryls  ArN  =  PCI3  (Analytical  results) 


a 

0  w 

2  i 

Analytical 

M.p. 

Gross  formula 

found 

calc. 

ound 

No. 

Ar 

2-0 

2 

for  monomer 

%  Cl 

Cl 

.  a 
::quiv. 

£ 

1 

1 

Cells  { 

(I) 

(II) 

83 

Of) 

180-182® 

OflllsNPCla^^ 

46.60,  46.54 

46.60 

5.00,  5.02 

2 

3,5-(CH3)2C8ll3 

(11) 

79 

177-179 

OkHoNPCI;, 

41.17,41.23 

41.52 

4.95,  4.97 

3 

P-CIC0II4  ( 

(1) 

(11) 

93 

93 

181-183 

OGII4NPCI4 

40.49,  40.18 

40.49^ 

5.06,  5.07 

4 

p  -011300114  1 

(1) 

(11) 

88 

94 

198—200 

07ll7NP0l3‘^ 

44.13,44.30 

43,92 

1.98,  5.03 

fi 

p  OII3OC0II4 

(11) 

97 

196—198 

C7n70Nl’0l3 

41.19,  41. .30 

41.20 

4.96,  4.91 

6 

P-O2II5OCGH  1 

(11) 

93 

185-187 

Ch1I„ONPC13 

38.59,  38.25 

39.09 

5.00,  5.06 

7 

P*nrCell4  { 

(1) 

(11) 

83 

87 

184-186 

CeH4NPCl3l3r 

34.63,  34.69 

31.63 

5.00, 4.98 

8 

0-Cll3C„ll4  ( 

(1) 

(11) 

79 

77 

121-126 

O7II7NPOI3 

43.69,  43.80 

43.92 

4.99,  4.99 

9 

m-Gll3Coll4 

(11) 

79 

154-1.55 

O7H7NPCI3 

43.18,  43.11 

43.92 

4.98,  5.06 

10 

m-ClColl4 

(11) 

83 

129-131 

OCH4NPCI4 

39.82,  39.99 

40.49e 

4.98,  5.01 

11 

m-nrCoH4 

(11) 

58 

125-126 

CnHiNPClaBr 

35.26,  35.07 

31.63 

5.08, 5.05 

12 

o-ClCelU 

(11) 

91 

127-128 

C0II4NPCI4 

40.00,  40.00 

40.49e 

4.95, 4.95 

13 

o-HrCclU 

(11) 

50 

121-123 

CoH4NPCl3Br 

33.89,  33.62 

34.63 

5.13, 5.18 

14 

2,4-C12Cg113  { 

(1) 

(11) 

92 

90 

116-118 

OollaM’Cls 

35.66,  35.43 

35.79^ 

5.00,  5.02 

If) 

2,4-nr,Coll3 

(11) 

90 

114-115 

C„!l3NPCl3nr2 

27.89,  27.68 

27.55 

5.01,  5.01 

16 

3.5-CI2C0II3 

(1) 

83 

136-138 

C6ll3Nl’Cl5 

33.60,  35.90 

35.79* 

1.90,  4.97 

17 

m-NO.^ColU 

(11) 

93 

142-113 

f;cHj02N.3’Cl3 

39.31,  .39.18 

.38.94 

— 

18 

P-NO2C6II4  { 

(1) 

(11) 

75 

80 

140-141 

CCII4O2N2PCI3 

38.90,  38.87 

38.94 

— 

19 

o~N  02CelI  4 

(11) 

85 

109-111 

(:6n40.2N.3PCl3 

39.51,39.57 

38.91 

— 

20 

2,4, 6-01;, C0II2 

(1) 

97 

liquid 

OellaNPClo 

32.00,  32.20 

32.08® 

4.96,  5.00 

21 

2,4.0-ni30oH2 

(1) 

99 

37-40 

Cr.H..NI’Cl3nr3 

22.82,  22.96 

22.88 

4.95, 4.99 

22 

2,4-(NO..)2CoIl3 

(1) 

90 

75-77 

Cflll30,N3PCl3 

33.67,  33.80 

33.44 

— 

23 

2,6-Cl2-4N02Ccll2 

(1) 

90 

71-73 

Con.,02N2pCl5 

31.31,31.32 

32.09® 

a)  Calc,  for  monomer.  Calc,  equiv.  5.00. 

or® 

b)  Value  of  amines  to  which  there  is  no  literature  reference  from  regular  handbooks. 

c)  M  (by  the  Rast  method)  44‘1,445. 

d)  M  (by  the  Rast  method)  480,  486. 

e)  Hydrolyzable  chlorine. 

f)  In  dioxane  solution  all  substances  are  monomers. 

g)  From  physical  propenies. 
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Results  j 

Calc. 

M 

M  (found  cryo'^copically)  j 

dioxanc^ 

ibcnzeiic 

benncnc  i 

boiling 

for 

monomer 

for 

dimer 

243,  239 

— 

460, 476 

228.5 

457 

293,  274 

4.80,  497 

480,  483 

2.56.5 

513 

318,  291 

— 

531,531 

203 

526 

276,  260 

- 

- 

242.5 

485 

277,  261 

— 

— 

2.58.5 

517 

279,  288 

— 

- 

272.5 

545 

333, 339 

— 

- 

307.5 

615 

2.51, 23'. 

453,  447 

361,. 354 

242.5 

485 

282, 27S 

504,488 

.323.  370 

242  5 

485 

2.54,  279 

,538,  530 

354,  .365 

263 

526 

329, 342 

600,  59!) 

351,370 

.307.5 

615 

256, 248 

.503,  492 

269,246 

263 

526 

315,  301 

622,631 

.324,  291 

307.5 

615 

285, 326 

608,  590 

285, 293 

297.5 

595 

382,  349 

753,788 

.392,  365 

386.5 

773 

306, 299 

— 

329,  340 

297.5 

595 

276, 308 

- 

296,  299 

273.5 

547 

253,  .305 

- 

291,305 

273.5 

547 

301,299 

274. 263 

— 

273.5 

547 

— 

313,  327 

— 

332 

664 

- 

427,  422 

— 

46,5.5 

931 

— 

29.5,310 

— 

318.5 

637 

326,  329 

342.5 

685 

t,25' 

basicity 
of  initial 
amine  ’ 


Composition* 

solid 

substance 

benzene  soln. 

cooled 

after 

boiling 

4.6  .  10-10 

dimer 

3.0-  10-10(7] 

dimer 

1.5  .  10-10 

dimer 

1.1  •  10-0 

dimerS 

1.5  .  lO-o 

dimer^ 

1.8  •  10-9 

dimerS 

1.0  .  10-10 

dimer 

dimer 

dimet 

dimer 


dimer 

dimer 

dimer 


2.5  .  10-10 


dimer 


dimer 


mixture 


4.9  •  10-10 

2.9  •  10-10 
3.8  .  10-11 
3.7  .  10-i‘-i 
1.6.  t0-i21«| 


dimer 

dimer 

dimer 

dimer 

dimer 


dimer 

dimer 

dimer 

dimer 

dhiier 


mixture 

mixture 

mixture 

monomer 

monomer 


1.0-  10-i-'i|0) 


dimer 


dimer 


monomer 


2.0.10-i2[io] 
4.0  .  10-12 


dimer 

dimerS 

dimer^’ 


dimer 


monomer 

monomer 

monomer 


1.0  •  10-12 


dimerS 


1.0  .  10-14 


dimer 


1.2.10- 14(11] 

14.2.10 - "'(12) 


monomer 

monomer 

monomer' 

monomer 


monomer 

monomer 


monomer 


The  dimers  of  trichlorophosphazoaryls  obviously  arc  extremely  "useful"  compounds,  since  with  PCI5  they 
easily  form  not  only  aromatic  amines,  but  also  various  derivatives  of  arylamidophosphoric  acids  (Table  2), 
namely:  Acid  dichlorides  (III),  esters  (I\^  V)  and  acid  chlorides  of  monophenyl  esters  (VI,  vn)  of  arylamido¬ 
phosphoric  acids;  acid  chlorides  (VIII)  and  phenyl  ether  (IX)  of  diphcnyldiamidophosphoric  acid,  and  phosphoric 
acid  trianilide  (X).  Where  the  phenoxy  group  is  on  the  P  (V,  vn,  DC),  chlorination  of  the  benzene  nucleus  of  the 
arylamido  group  occurs  in  addition  to  the  main  reaction,  and  this  chlorination  takes  place  regardless  of  the  quantity 


of  PCI5  used,  and  of  the  reaction  temperature. 

2ArNinH)Cl.H-2I’('lr,  21101 -f- 2l'0(;i3  f  (ArN^PCl;,)-.  (HI) 

Ar=C.Hj.  pCII,''.U..  p-CUMI,.  p-l?rC,H.,  p-NO,C,H. 

2p-r,lCcIl4NIll’0(0Cnll5)2  -|- 'Il’Clr,  —  2POCl3  -f  21101  ^ 

-f  2(Con50)2POl3  I-  (p-C106ll4N=P0l3)2  (IV) 

2CeH..iN’nPO(OOcll5)2  -P  fiPClj  — ♦  2PCI3  +  2POOI3  -f  “'‘HCl  4* 

4-  2(Ocll30)2PCl3  I-  (p-ClC,.,ll,N=:POl3)2  (V) 

2p-C10„ll4NlIPO{OOoll5)01 -P  iPOl.,  ->  2POOI34-2IICI  -}- 

4-  20r.ll5OPOl4  4  (p-010cll4N=P0l3)2  (VI) 

2CoIl5NlIPO(OORll5)014-r)POl5  2I’0I,  f-2POCl3  1-41101  f- 

4-  2(Cr.ll:,O)P0l4  -0  (p-OlORlIiN^POfilo  (VH) 

(CellsNIOaPOCl  4  2PCI5  — *  POOI3  {-  21101  1-  (Ooll-,N=POl3)2  (Vlll ) 

(C6116NI1)2PO(OOg115)  4-  r)PCl3  2POI3  +  POCI3  f  411C1  -1 

4-  (:cH.-iOPCi4  4-  (p-oio„ii4N=Poi3)2  (ix) 

2(Ccll6Nll)3PO  4-  fil’Ols  2POOI3  4  61101  4  3(0611.-, N=PCl3)2  (X) 


Reaction  of  PCI5  with  mono-  and  diphenyl  esters  of  arylamidophosphoric  acids  yields,  together  with  the 
dimers  of  trichlorophosphazoaryls.  quasi- phosphonium  compounds  written  as  C6H5OPCI4  and  (CgH50)2PC13  for  the 
sake  of  simplifying  equations.  It  is  known  that  quasi- phosphonium  compounds  of  the  (C6H50),iPCl5-n  type,  among 
others,  and  phenoxyphospliorus  tetrachloride  and  diphenoxyphosphorus  trichloride  are  very  difficult  to  prepare  indi¬ 
vidually  because  of  their  tendency  to  dismutation  [6].  In  the  given  case  no  individual  compounds  were  formed 
either,  but  a  complex  mixture  of  various  dismutation  products.  One  of  them  was  triphenoxyphosphorus  dichloride 
(C6H50)3PCl2.  which  after  hydrolysis  converted  to  triplienylphosphate. 

Of  greatest  interest  is  the  problem  of  why  in  one  case  the  initial  trichlorophosphazoaryls  and  in  another 
case  their  dimers  are  formed. 

The  polymerization  and  partially  the  dimerization  of  trichlorophosphazo  compounds  can  take  place  at  the 
expense  of  addition  of  a  P  atom  to  the  unshared  electron  pair  of  the  N  atom,  analogous  to  the  addition  of  PCI5  to 

tertiary  amines.  \  — 

4- pels  ^N-PCIr 

IIN  4-  PCI3  — ♦  HN - I’Cla 

The  greater  the  electron  density  on  the  N  atom,  the  more  likely  the  polymerization. 

When  R  is  a  strongly  electronegative  group  which  with  sufficient  energy  attracts  the  unshared  pair  of  elec¬ 
trons  on  the  N  atom,  then  pol^ancrization  is  practically  impossible.  For  that  reason  trichlorophosphazoacyls  are 
known  only  in  the  monomeric  state. 

In  trichlorophosphazoaryls  the  electron  density  of  the  N  atom  is  much  greater  than  that  in  trichlorophos¬ 
phazoacyls,  since  aryls  attract  electrons  much  less  than  do  acyls,  and  thus  in  trichlorophosphazoaryls  the  N  atom 
can  add  a  P  atom,  which  then  leads  to  dimerization.  When  the  aryl  group  of  the  initial  amine  has  very  active 
electronegative  substituents,  then  the  trichlorophosphazo  compounds  obtained  from  them  lose  their  polyTiierization 
capacity  and  in  their  properties  become  analogous  to  trichlorophospliazoacyls. 

This  assumption  is  substantiated  by  the  finding  that  the  tendency  to  form  dimers  among  trichlorophosphazo- 
aryls  increases  with  increasing  basicity  of  the  initial  amines  (see  Table  1).  It  would  not  be  right  to  assume,  however. 
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TABLE  2 

The  Reaction  of  Derivatives  of  Arylamidophosphoric  Acids  with  PCI5 
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that  the  tendency  to  dimerize  depends  solely  on  the 
basicity  of  the  initial  amines.  Without  doubt,  structural 
factors  are  also  very  significant,  since  trichlorophosphazo 
compounds  from  ortlio- substituted  amines  with  the  same 
^bas  itiore  inclined  to  exist  as  monomers.  Thus,  for 
instance,  amines  from  \/hich  compounds  (2)  and  (8)  were 
obtained  have  similar  .  but  compound  (2)  after 
boiling  in  benzene  solution  remained  dimeric,  while  com¬ 
pound  (8)  partially  depolymerizcd.  Even  more  striking  is 
the  effect  of  two  ortho- substituents.  Compounds  (10)  and 
(21)  have  practically  the  same  ^5^5  ,  but  (19)  is.  in  its 
physical  properties,  a  typical  dimer,  while  (21)  Ls  a  typical 
monomer.  The  final  structure  of  the  dimer  has  even  more 
significance.  For  trichlorophosphazoaryls  the  following 
configtirations  arc  theoretically  possible: 
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The  primary  addition  product  probably  has  configur¬ 
ation  A.  which  instantly  changes  to  the  stable  "benzoid" 
structure  B  with  trp-trd  conjugation.  The  probability  of 
configuration  B  is  backed  up  by  theoretical  calculations 
by  Craig  [13].  Configuration  C  is  unlikely,  since  substances 
with  this  kind  of  structure  should  be  similar  to  PCI5  in 
properties  and  chemical  activity;  in  particular,  they  should 
readily  react  with  SO2.  which  however  does  not  occur.  Con¬ 
figuration  D  is  even  less  likely,  since  the  properties  of 
dimeric  trichlorophosphazoaryls  have  nothing  in  common 
with  those  of  derivatives  of  pcntacovalent  P. 

Configuration  B  better  than  anyihing  explains  the 
properties  of  dimeric  trichlorophosphazoaryls  (efficient 
formation,  rather  difficult  hydrolyzability,  high  m.p.,  low 
solubility  in  polar  solvents),  but  so  far  seems  to  be  only 
the  most  likely  hypothesis.  The  existence  of  dimeric 
trichlorophosphazoaryls  may  possibly  depend  on  the  thermo¬ 
dynamically  favored  "benzoid"  structure. 

EXPERIMENTAL  PART 

Dimers  of  trichlorophosphazoaryls  (1-19,  Table  1). 
From  free  amines  (Scheme  1).  To  a  solution  of  0.25  mole 
amine  in  100  ml  of  dry  CCI4  was  added  0.25  mole  PCI5. 
After  2  to  3  min  HCl  began  to  evolve  vigorously. 
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accompanied  by  formation  of  copious  floccules  of  the  amine  hydrochloride.  Aniline,  p-toluidine.  and  o- 
toluidine  reacted  with  particular  violence.  In  those  cases  the  reaction  mixture  was  cooled  with  ice  water  for 
5-10  min.  Halogen-substituted  amines  reacted  more  placidly.  After  10-15  min  the  evolution  of  HCl  almost 
ceased.  The  reaction  mixture  was  refluxed  on  an  oil  bath.  Evolution  of  HCl  resumed,  and  instead  of  the  grad¬ 
ually  disappearing  salt  precipitate  a  crystalline  precipitate  of  dimeric  trichlorophosphazoaryl  formed.  After  2-3  hr 
the  evolution  of  HCl  ceased.  After  cooling,  the  precipitate  was  suctioned  off.  washed  vrith  CCI4,  benzene  and  ether, 
and  dried  in  vacuo.  Compounds  (8)  and  (12)  as  far  as  they  were  fomied  gradually  dissolved  in  boiling  CCI4.  The 
solution  was  filtered  hot  to  rid  it  of  some  turbidity,  and  allowed  to  stand  overnight.  The  deposited  dimers  were 
filtered  under  suction,  washed,  and  vacuum  dried. 

p-Nitroaniline  dissolves  poorly  in  CCI4,  so  that  the  reaction  had  to  be  conducted  in  xylene.  p-Nitioaniline 
(0.025  mole)  dissolved  in  25  ml  of  xylene  on  boiling.  To  a  slightly  cooled  solution  was  added  0.025  mole  PCI5. 

The  mixture  was  refluxed  until  HCl  stopped  evolving.  After  cooling,  the  precipitate  of  dimeric  trichlorophosphazo- 
p-nitrophenyl  was  suctioned  off,  washed  with  dry  acetone,  ether,  and  vacuum  dried. 

From  amine  hydrochlorides  (Scheme  II).  Amine  hydrochloride  (0.25  mole)  was  suspended  in  100  ml  of  CCI4, 
0.25  mole  PCI5  was  added,  and  the  mixture  refluxed  until  no  more  HCl  evolved.  Compounds  (1,  2-5,  17,  19),  as 
far  as  formed,  precipitated  and  could  be  suctioned  off  immediately  on  completion  of  the  reaction  and  cooling  of 
the  mixture.  Compounds  (8.  10,  11.  13-15,  18)  fully  dissolved  in  boiling  CCI4,  After  completion  of  the  reaction 
the  hot  solution  was  filtered  and  allowed  to  stand  overnight.  Compounds  (2.  9,  12)  partially  remained  in  solution, 
but  fully  crystallized  after  several  hours.  After  completed  crystallization  the  precipitate  was  suctioned  off,  washed 
with  CCI4,  benzene,  and  ether,  and  vacuum  dried.  Preparation  according  to  scheme  II  is  more  convenient,  since 
the  reaction  proceeds  more  smoothly  and  during  the  reaction  the  product  is  not  whipped  into  lumps. 

From  diciiloroanhydrides  of  arylamidophosphoric  acids  (Scheme  111).  To  a  solution  of  0.02  mole  dichloro- 
anhydride  of  arylamidophosphoric  acid  in  10  ml  CCI4  was  added  0.02  mole  PCI5  and  the  mixture  refluxed  until 
no  more  HCl  evolved.  In  some  experiments  the  HCl  was  collected  and  calculated  (80-90%).  The  reaction  usually 
ended  after  1.5-2  lir,  and  in  the  case  of  dichloroanliydride  of  p-nitrophenylamidophosphoric  acid,  after  6  hr.  The 
dimeric  trichlorophosphazoaryls  were  isolated  as  described  above.  With  the  dichloroanhydride  of  p-nitrophenyl¬ 
amidophosphoric  acid  the  reaction  could  be  conducted  without  solvent:  A  mixture  of  0.1  mole  dichloroanhydride 
and  0.1  mole  PCI5  was  heated  on  an  oil  bath  at  100-105*  until  HCl  ceased  to  evolve  (2-2.5  hr).  The  mixture  was 
gradually  diluted  and  changed  to  a  transparent  liquid.  The  phosphorus  oxychloride  formed  during  the  reaction  was 
vacuum  distilled  (80% yield).  With  this  distillation  a  ciystalliiie  precipitate  formed  gradually.  The  precipitate 
was  treated  with  hot  benzene,  suctioned  off,  washed  with  benzene  and  ether,  and  vacuum  dried.  Yield  96% 


The  identity  of  dimeric  trichlorophosphazoaryls  obtained  by  schemes  I- III  was  established  by  mixed  m.p., 
and  by  the  yield  of  initial  amines  after  hydrolysis  with  hot  HjO  (see  bclo\r). 

The  dimers  of  trichlorophosphazoaryls  obtained  by  the  methods  described  above  were  sufficiently  pure  and 
needed  no  further  purification.  Compounds  (2,  8-16)  crystallized  very  well  from  benzene  and  CCI4;  their  crystal¬ 
lization,  however,  is  hardly  expedient,  since  the  melting  point  as  a  rule  docs  not  change  after  recrystallization. 

Thus,  unrecrystallized  freshly  prepared  compounds  were  usually  used  for  analysis  and  molecular  weights  deter¬ 
minations. 

Fronr  other  derivatives  of  arylamidophosphoric  acids  (Schemes  I\'-X.  Table  2).  A  mixture  of  0.01  mole 
of  arylamidophosphoric  acid  derivative  (see  Table  2)  and  PCI5  was  placed  in  a  round  bottom  flask  equipped  with 
a  reflux  condenser.  To  the  condenser  was  added,  respectively,  a  trap  cooled  to  ~80“,  a  bubble  measuring  device, 
and  a  flask  filled  with  water  to  absorb  the  HCl.  The  reaction  mixture  was  heated  on  an  oil  bath  until  HCl  stopped 
evolving  (2-3  lir).  The  formed  phosphorus  oxychloride.  PCI3,  and  quasiphosphonium  compounds  were  gradually 
diluted  in  their  mixture,  which  promoted  a  more  uniform  reaction.  After  completion  of  the  reaction,  the  volatile 
phosphorus  chlorides  were  vacuum  distilled  into  a  receiver  cooled  to -80*.  The  solid  residue  in  the  flask  represented 
the  mixture  of  dimeric  trichlorophosphazoaryl  and  quasiphosphonium  compounds.  The  mixture  was  carefully  tri¬ 
turated  with  30-40  ml  phosphorus  oxychloride,  upon  which  the  quasiphosphonium  compounds  dissolved.  The  pre¬ 
cipitate  of  dimeric  trichlorophosphazoaryl  was  suctioned  off,  waslied  with  pliosphorus  oxychloride,  benzene,  and 
ether,  and  vacuum  dried.  The  filtrate  v;as  evaporated  in  vacuo;  the  solid  residue,  which  was  a  mixture  of  quasi¬ 
phosphonium  compounds,  was  carefully  decomposed  in  water,  the  oil  formed  decanted,  washed  with  l%NaOH 


and  watrr.aftcr  wliicli  it  gradually  crystallized.  The  filtered  and  dried  residue  melted  at  46-48“,  after  rccrystal- 
lization  from  alcohol  at  4'.)- 50".  and  gave  no  m.p.  depressions  with  a  known  sample  of  triphenyiphosphate.  The 
volatile  P  chlorides  form.cd  during  the  reaction  were  fractionated  and  identified  by  u.sual  means.  The  amount  of 
IlCl  was  determined  tritrimetrically. 

Not  enough  phospiiorus  oxychloride  was  formed  during  reaction  of  PCJls  and  chloroanhydridc  of  diphenyl- 
amidnphosphoric  acid  or  triinilide  of  phosphoric  acid  to  dilute  the  reaction  mixture,  and  consequently  local  over¬ 
heating  led  to  partial  chirring  In  those  cases  the  following  method  was  best;  To  a  suspension  of  0.05  mole  chlo* 
roanhyJridc  of  diplienylamidophosphoric  acid  or  trianilide  of  phosphoric  acid  in  20  ml  phosphorus  oxychloride  was 
added  0.1  or  0.15  mole  PCls-  The  mixture  was  heated  on  an  oil  bath.  At  80“  IlCI  started  to  evolve  vigorously, 
and  almost  stopped  after  40  45  min  The  mixture  was  heated  to  boiling  for  2  hr.  cooled,  the  precipitate  of  dimeric 
triclilorophosphazophc'nyl  suctioned  off.  washed  with  phosphorus  oxychloride,  ether,  and  vacuum  dried.  The  yield 
of  dimeric trichlorophosphazophenyl  from  chloroanhydridc  of  diplienylamidophosphoric  acid  was  81‘7(’(697'’witliout 
the  addition  of  phosphorus  oxychloride)  On  decomposition  of  the  dimer  with  water  was  obtained  927'’ aniline  (see 
below)  The  yield  of  dimeric  trichlorophosphazophenyl  from  the  trianilidc  of  phosphoric  acid  was  8170 (64711  with¬ 
out  the  addition  of  phosphorus  oxychloride)  On  decomposition  of  the  dimer  with  water  the  yield  of  aniline  was 
847’ (see  below). 

Dimers  of  trichlorophosphazoaryls.  obtained  by  schemes  IV -X.  had  identical  properties  with  those  corre¬ 
sponding  to  dimers  of  trichlorophosphazoaryls  obtained  by  schemes  I- III,  but  they  were  less  pure  and  melted  5-7* 
lower.  Mixed  melting  point  determination  for  dimers  of  trichlorophosphazoaryls  is  not  always  sufficient  identifica¬ 
tion.  since  mixtures  of  some  dimers  give  only  a  slight  depression  of  the  m.p.  (5-8“).  Thus,  for  identification.hy- 
drolysLs  with  liot  water,  liberation  of  the  amine,  and  its  identification  by  usual  means  was  best. 

Hydrolysis  of  dimers  for  identification  Dimeric  trichlorophosph.izoaryl  (0.05  mole)  was  gradually  added 
to  100  ml  of  hot  water.  After  complete,  decomposition  of  the  product  the  solution  of  amine  hydrochloride  was 
filtered  fioni  the  small  quantities  of  resinous  impurities,  cooled,  and  alkalized  with  a  207’ caustic  soda  solution. 

The  amine  obtained  (aniline  or  p-chloroaniline)  was  isolated  and  identified  in  the  ustial  manner. 

Tiichloropho.-'pliazoaryls  (20-23,  Table  1).  To  a  solution  or  suspension  of  0.1  mole  amine  in  40ml  of  CCI4 
was  added  0.1  mole  PCls  and  the  mixture  was  refltixed  until  no  more  HCl  evolved.  The  reaction  usually  took 
2.5-3  hr.  It  took  12  hr  for  2.6-dic1iIoro-4-niiroanilinc;  to  complete  its  slow  reaction.  The  solution  was  filtered 
and  the  CCI4  distilled  off  in  vacuo  on  a  water  bath.  Trichlorophosphazoaryls  at  first  were  heavy  oils,  which  then 
crystallized.  Compound  (20)  never  crystallized.  To  obtain  compound  (22)  it  was  necessary  to  conduct  the  reac; 
tion  at  both  temperatures  no  higher  than  60“.  The  evaporation  of  CCI4  also  was  done  at  50-60".  It  was  not  pos¬ 
sible  to  obtain  a  crystalline  product  when  the  reaction  took  place  at  higher  temperatures 

Molecular  weight  determination  for  trichlorophosphazoaryls  and  their  dimers  was  accomplished  by  the  usual 
means,  but  the  substances  and  their  solutions  were  as  far  as  possible  protected  from  atmospheric  moisture.  Many 
dimers  dissolved  in  benzene  not  only  with  great  difficulty,  but  also  very  slowly.  In  those  cases  it  helped  to  make 
a  fine  powder  of  the  substance  first.  Solutions  in  dioxane  needed  no  prolonged  standing  at  room  temperature. 
Benzene  solutions  of  dimers  were  quite  stable  when  protected  from  atmospheric  moisture. 

Depolymerization  of  dimers  in  benzene  solutions  was  accomplished  by  5  min  boiling  under  reflux  under 
conditions  eliminating  atmospheric  moisture  hazards. 

Chloroanhydridc  of  phenyl  ether  of  p-chloropbenylamidophosphoric  acid.  To  a  solution  of  0.25  mole 
phcnyldichlorophosphate  m  100  ml  of  benzene  was  added  gradually  and  under  cooling  with  ice  water  a  solution 
of  0.5  mole  p-chloroanilinc  in  100  ml  benzene.  The  mixture  was  allowed  to  stand  at  room  temperature  for  2  hr. 
The  p-chloroaniline  hydrochloride  precipitate  was  suctioned  off  and  washed  with  benzene,  the  filtrate  evaporated 
in  vacuo  on  a  water  bath.  The  residue,  a  semicrystallir.e  mass,  was  dissolved  in  150  ml  of  hot  benzene,  the  solu¬ 
tion  filtered,  and  allowed  to  stand  overnight.  The  precipitate  which  formed  was  suctioned  off,  washed  with  a 
small  amount  of  cold  benzene,  and  vacuum  dried.  Yield:  567’:  m.p.  129-130". 

Found  7<?  Cl  23.22.  23.09.  C^Hio02NCl2P.  Calculated  7<5  Cl  23.51. 
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SUMMARY 


1.  Aromatic  amines  or  their  hydrochlorides  react  with  PCI5  to  give  trichlorophosphazoaryls  or  their  dimers. 

Amines  with  of  the  order  10'’- 10'^*  give  dimers,  while  less  basic  amines  give  monomeric  trichlorophos¬ 
phazoaryls.  Dimers  of  trichlorophosphazoaryls  obtained  from  amines  with  of  the  order  10  ’-10"^®  do  not 

dissociate  to  monomers  when  boiled  in  benzene  solution,  but  dimers  obtained  from  less  basic  amines  when  boiled 
in  benzene  solution  partially  or  completely  dissociate  to  monomers  Monomers  of  trichlorophosphazoaryls  ob¬ 
tained  from  amines  witli  of  the  order  10"^®- 10"^^  could  be  obtained  only  in  benzene  solution.  On  evapora¬ 

tion  of  solutions  of  those  monomers  they  converted  to  the  corresponding  dimers. 

2.  Trichlorophosphazoaryls  from  amines  with  of  the  order  10  *^-10  ^  in  their  physical  and  chemical 

properties  resemble  trichlorophosphazoacyls.  Dimers  of  trichlorophosphazoaryls  in  their  chemical  and  physical 
properties  are  very  different  from  trichlorophosphazoacyls.  and  appear  to  have  the  cyclic  "benzoid"  structure. 
Dimers  of  trichlorophosphazoaryls  were  also  obtained  by  the  action  of  PCI5  on  a  number  of  derivatives  of  aryl- 
amidophosphoric  acids. 
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A  recent  paper  [1]  on  the  physiological  activity  of  2- methyl- 3- phenyl- 2.3- butanediol  and  its  derivatives, 
proposing  the  use  of  these  compounds  as  nerve  sedatives  (tranquilizers),  made  it  interesting  to  synthesize  some 
compounds  of  this  type.  Since  the  synthesis  of  compounds  of  this  ty^Te  v;as  not  described  in  the  indicated  paper 
[11,  we  present  in  this  paper  our  data  on  the  preparation  of  2-methyl-3-phcnyl-2,3-butane(liol,  as  well  as  some 
of  its  analogs,  containing  substituents  in  the  aromatic  nucleus. 


Tile  synthesis  of  tl:ese  compounds  was  accomplished  in  accordance  with  the  scheme 
R2x  Rav 

^  V_c0CH2CH3 


\= 


(I) 

R, 


^CO-C-Cllj  R,-<f 

li  \ 


(II) 


NOR 


^  ^-COCOCHj 

OlT) 

CHa  CH3 


CH.Mgl 


*'2N^ 

— *  R,-^'  ^_(i_c_cn3 

\==/  I  I 

(5h  oh 

0  b)R,  =  orH,.  R,=  K:  c)  Iti  =  Cl, 

d)it,  =  CL  li,  =  ocH,:  e)  III  =  =  OCH,. 


The  substituted  prop iophe nones  (I)  were  obtained  by  the  Friedel“ Crafts  reaction  employing  known  proce¬ 
dures;  of  them  compound  (Id)  is  new.  In  contrast  to  the  existing  recommendation  to  use  methyl  nitrite  [6],  we 
used  isopropyl  nitrite  for  the  nitrosation,  which  made  it  possible  to  shnplify  tlie  reaction  procedure  and  obtain 
higher  and  more  stable  yields  of  the  Lsonitroso  derivatives  (II)  (80-90‘7(’).  The  most  difficult  step  of  tile  synthesis 
was  the  hydrolysis  of  the  isonitroso  derivatives  and  conversion  to  the  a- diketones  (HI).  The  best  results  were  ob¬ 
tained  using  hot  dilute  sulfuric  acid  for  the  hydrolysis  [2].  For  this  the  oxime  was  niLxed  with  dilute  sulfuric  acid, 
after  which  superheated  steam  was  passed  into  the  suspension,  and  the  formed  a-diketone  (HI)  was  removed  by 
steam  distillation.  The  yields  of  (El)  for  the  individual  members  varied  greatly,  which  was  linked  with  the  ease 
with  which  the  compounds  steam-distilled;  for  the  difficultly  volatile  compounds,  for  example  (Hie),  the  yield 
dropped  to  40^o,  and  considerable  tarring  was  observed.  The  last  step  of  the  synthesis  was  run  under  the  conven¬ 
tional  conditions  of  the  Grignard  reaction  and  went  in  high  yields  (80-907o);  however,  great  difficulties  were 
encountered  in  attempting  to  purify  the  thus-obtained  dioh  (IV),  linked  with  the  great  tendency  to  form  non- 
crystallizing  oils.  One  of  tile  obt.aincd  diols  (iVe)  could  not  be  made  to  crystallize,  although  the  substance  was 
analytically  pure.  All  of  the  obtained  compounds  are  stable  and  quite  soluble  in  water.  They  were  tested  for 
their  sedative  action  by  B.  I.  Lyubimov.  Not  one  of  the  nuclear  substituted  diols  (IVb-e)  surpassed  the  tranqulizing 
action  shown  by  the  unsubstituted  did  (Wa),  the  action  of  which  also  proved  to  be  insufficiently  strong  for  prac¬ 
tical  use. 
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TABLE  1 


Synthesis  of  a-Isonitrosopropiophcnoncs  (11) 


Compound 

Yield  {%) 

Melting 

point 

Literature  data 

(Ha) 

90 

113- 115’ 

M.p.  112-113®  [3] 

(Ilb) 

65 

129-131 

M.p,  131  [7] 

(lie) 

80 

116-117 

M.p.  114  [8] 

did/ 

75 

155-156 

- 

(He/ 

90 

157-160 

- 

Note:  1)  Found  N  6.25,  6.04.  CioiiioOsNCl.  Calculated  1^:  N  6.15 
2)  Found  N  6.03  .  6.23.  C11H13O4N.  Calculated  N  6.27. 

TABLE  2 


Synthesis  of  1- Aryl- 2.3- propanedioncs  (HI) 


Compound 

Yield  (in  %) 

Melting  point 

(ina) 

1 - 

84 

B.p.  83-85“  (5  mm); 

102-103  (12  mm)  [2] 

(mb)i 

71 

M.p.  43-44“ 

(inc/ 

40 

M.p.  35-36“ 

(ind)® 

60* 

M.p.  49-51“ 

(ine/ 

38 

M.p.  67-68 

•Together  with  the  diketone,  a  colorless  compound  is  formed  in  the 
steam  distillation.  This  compound  was  separated  from  the  main  reac¬ 
tion  product  by  treatment  with  petroleum  ether. 

Remarks.  1)  Found  C  67. .32.  67.59;  11  5.80.  5.96.  CioHioOg. 

Calculated  '7o;  C  67.43;  H  5.61.  2)  Found  %  Cl  18.84,  18.96.  C9H7O2CI. 

Calculated  Cl  19.4,  3)  Found  Cl  16.54,  16.61.  C10H9O3CI.  Cal¬ 
culated  C  16.67.  4)  Found  C  63.26,  63.27;  H  5.82,  5.92.  CUH12O4. 

Calculated  C  63.48.  H  5.77. 

EXPERIMENTAL 

Propiophenone,  p-chloropropiophenonc  [3],  p-methoxypropiophenone  [4]  and  3,4-dimethoxypropiophenone 
[5]  were  prepared  by  kno\'m  procedures. 

3 •  Chloro- 4 - methoxypropiophenonc .  A  solution  of  35  g  of  propionyl  chloride  in  70  ml  of  anhydrous  dichloro- 
ethanc  was  added  slowly,  with  stirring,  to  a  suspension  of  51  g  of  ammonium  chloride  in  100  ml  of  dichloroc thane. 
The  obtained  clear,  pale  yellow  solution  was  added  slovrly  (in  40-50  min),  with  stirring  and  cooling  to  5-7“,  to  a 
solution  of  53  g  of  o-chloroanisole  in  100  ml  of  dichloroc  thane,  after  which  rlie  stirring  v.'as  continued  at  room 
temperature  for  1-1.5  lir.  The  solution  was  poured  into  a  mixture  of  ice  and  coned,  hydrochloric  acid  (10  ml), 
after  which  the  dichloroetliane  layer  was  separated,  and  the  water  layer  was  extracted  witli  ether.  The  combined 
ether” dichloroethane  solution  was  washed  with  5'’/(> sodium  bicarbonate  solution,  and  then  3-4  times  with  vtater. 
After  drsing  over  sodium  sulfate,  followed  by  vacuum- distillation  of  the  sob-  nts,  we  obtained  52.5  g  (72'7o)  of 
the  crystalline  chloromethoxypropioplienone.  Recrystallicaiion  from  70')o  alcoltol  gave  the  compound  as  long 
glistening  crystals  with  m.p.  88-89®. 
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Found  'y.t  Cl  17.'d2,  17.46.  CioHuOzCl.  Calculated  %  Cl  17.85. 

a-lsonitrosopropiophcnoncs_^n)j  A  stream  of  dry  hydrogen  chloride  was  passed  for  10-15  min  into  a  vigor¬ 
ously  stirred  solution  of  0.11  g-molc  of  substituted  propiophenonc  (I)  in  100  ml  of  absolute  ether,  and  then  0.12  g- 
rnole  of  freshly  distilled  isopropyl  nitrite  v/as  added  slowly.  The  mixture  w'as  heated  at  the  boil  for  1  hr,  tlie  ether 
was  distilled  off,  and  the  solid  residue  was  recrystallized  from  toluene,  dry  methanol,  or  isopropyl  alcohol.  The 
yields  and  constants  of  the  obtained  compounds  are  summarized  in  Table  1. 

1- Aryl- 2,3- propancdio.nes  (TIT).  The  aryl- 2,3- propanediones  (HI)  (Table  2)  were  prepared  by  the  described 
method  [2J  with  certain  modificatioas:  IS'Vo  sulfuric  acid  solution  was  used  for  the  hydrolysis  (instead  of  10‘7osolu- 
tion ),  in  which  coimection  superheated  steam  at  about  130-140“  was  passed  into  the  mixture  of  oxime  and  acid. 


TABLE  3 

Synthesis  of  2-Methyl-3-aryl-2,3-butanediols  (IV) 


Com¬ 

pound 

Yield 

(7o) 

Melting 

point 

%C  1 

%  H  1 

•/.  Cl 

found 

calc. 

found 

calc. 

found 

calc. 

(IVa) 

80 

83-84° 

73.53.  73.66 

7.3.30 

9.00. 8.91 

8.94 

_ 

(IVb) 

88 

70.5-80.5 

68.31, 68.64 

68.56 

8.67,  8.60 

8.62 

— 

— 

(iVc) 

60 

72-74 

61  67.  61.7.5 

1.1. ,53 

7.05.7.19 

7.01 

16.28, 16.25 

16.50 

(iVdj 

84 

81)  -90 

58.25,  58.39 

58.48 

7.05,  7.06 

7.(K) 

14.39, 14.30 

14.48 

(IVe) 

75 

OU 

64.93,  65.18 

65.00 

8.27,  8.30 

8.40 

2-Methyl- 3- aryl- 2, 3-btitancdiols  (I\^).  A  solution  of  methylmagnesium  iodide  (prepared  from  25.65  g  of 
methyl  iodide  in  100  mi  of  absolute  ether)  ,vas  treated  with  0.05  mole  of  the  diketone  (El),  after  which  the  mix¬ 
ture  was  heated  with  stirring  for  1-1.5  la  to  complete  the  reaction,  then  decomposed  with  a  concentrated  am¬ 
monium  chloride  solution  (20  g  of  NH4CI  in  60  ml  of  water),  the  ether  layer  separated  and  washed  three  times 
with  water,  then  dried  over  potassium  carbonate,  the  ether  distilled  off,  and  the  oily  residue  was  dried  well  in 
vacuo  and  made  to  crystallize  by  trituration  with  solvent.  The  crystalline  substance  was  recrystallized  from 
toluene.  The  obtained  results  arc  summarized  in  Table  3. 

SUMMARY 

The  synthesis  of  some  2-methyl -3-aryl -2, 3-buTanediols  was  described,  and  the  compounds  were  tested  for 
tlieir  physiological  activity  as  tranquilizers. 
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Up  to  now  investigations  in  the  domain  of  the  chemistry  of  cycloserine  have  been  limited  to  developing 
methods  of  synthesis  of  only  the  antibiotic  itself  and  its  closest  homologs.  To  elucidate  the  relationship  between 
biological  activity  and  structure  in  the  cycloserine  series  we  synthesized  a  number  of  its  analogs,  containing  sub¬ 
stituents  other  than  the  amino  group  in  the  4  position.  The  present  communication  is  devoted  to  the  synthesis 
of  4-hydroxy-3-isoxazolidonc  and  some  of  its  derivatives. 

The  synthesis  of  these  compounds  may  be  accomplished  by  two  possible  routes" cyclization  of  either  the 
hydroxamic  acids  (I)  or  the  0 -aminohydroxy  esters  (II). 


ClCllaCUCONnOU 
(1)  I 


OR 


RO-j - =0  NlfjOClIaCHCOOCHa 

I  (II) 

'  ;nii  or 

0 


The  most  obvious  way  of  synthesizing  tlie  esters  (11)  seemed  to  be  replacement  of  the  chlorine  in  a-chloro- 
6 -isopropylidencaminohydroxypropionic  acid  (III)  or  its  ester  [1],  followed  by  hydrolysis  of  the  isopropylidenc 
group. 


CHav  CH3. 

>C=NOCIl2CIICOOH  — >  >C=NOCH2CnCOOH 

Clla^  (III)  I  CII3/  I 


However,  all  of  our  attempts  to  achieve  an  exchange  of  this  type  proved  unsuccessful.  Employing  aqueous 
and  alcoholic  alkali  solutions,  aqueous  carbonate  solutions,  alcoholates,  or  carboxylic  acid  salts,  the  reaction 
did  not  go  under  mild  conditions,  while  complete  destruction  occurred  under  more  drastic  conditions.  These 
results  are  in  good  agreement  with  the  earlier  mentioned  fact  of  the  passivity  of  the  chlorine  atom  in  amination 
reactions  [1]. 

Cyclization  by  the  first  route  was  linked  with  obtaining  the  hydroxamic  acids  (I),  starting  with  the  appro¬ 
priate  acid  chlorides  [2].  In  the  process  of  working  out  this  route  it  proved  possible  in  a  number  of  cases  to  elim¬ 
inate  the  step  of  the  synthesis,  isolation  and  cyclization  of  the  hydroxamic  acids.  It  was  found  that  the  3-isoxazol 
idinoncs  can  be  obtained  directly  from  the  esters  of  6 -halopropionic  acids  by  treatment  with  hydroxylamine  and 
sodium  hydroxide  at  low  temperature.  *  Here  tlic  first  product  to  be  formed  is  the  hydro.xamic  acid,  which  im¬ 
mediately  cyclizes  to  the  3-isoxazolidinonc,  changing  over  to  the  sodium  salt. 


•A  paper  [3]  on  the  synthesis  of  cycloserine  by  an  analogous  procedure  appeared  at  the  time  this  work  was  com¬ 
pleted. 
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ci('.ii..(:iico()CH.T  f  njuim Nn.,OH 

■  I 
on 


OlCHaCIK'.ONIlONH 


on 


11  =  H,  alkyl,  acyl . 


nO-r — jpON« 

I  N 
\o/ 


The  use  of  other  alkaline  agents  (alcohol  solutions  of  alkalies,  alcoholates,  tertidry  bases)  leads  to  a  sharp 
reduction  in  the  yield  of  the  3-isoxaxolidinonc.  Running  the  reaction  at  temperatures  above  ~5*  causes  dehydro- 
halogenation  and  saponification  of  the  esters.  An  important  role  is  played  by  the  nature  of  the  alcohol  radical 
and  the  halogen  atom  in  the  8  -  position  of  the  ester:  the  best  results  were  obtained  when  operating  with  the  methyl 
and  ethyl  esters  of  tlie  appropriate  8 -cliloropropionic  acids. 

With  this  method  we  obtained  3-isoxazolidinonc.  4-hydroxy-3-isoxazolidinone,  and  the  4-methoxy-  and 
4-ethoxy-3-oxazolidi!iones  in  65- 80 yield.  All  of  the  compounds  are  crystalline,  highly  hygroscopic,  melt  with 
decomposition,  and  give  a  characteristic  color  with  sodium  nitroprusside .  Their  sodium  salts  were  also  prepared 
and  characteri-zed. 


It  is  interesting  to  mention  that  with  this  method  we  were  also  able  to  obtain  4-acetoxy-3-isoxazolidinone 
in  78%  yield,  although  it  would  seem  that  under  these  conditions  the  simultaneous  formation  of  substantial  amounts 
of  acetohydroxamic  acid  and  4-hydroxy-3-isoxazolidinone  could  be  expected. 

The  structure  of  the  obtained  compounds  was  proved  in  the  case  of  3-isoxazolidinone  by  its  identity  (m.p. 
and  Rf)  with  the  authentic  specimen.  In  the  case  of  4-hydroxy- 3- isoxazolidinone  the  structure  was  proved  by 
subjecting  the  compound  to  hydrolysis  and  hydroge nolysis.  The  amide  of  glyceric  acid  was  isolated  and  charac¬ 
terized  when  4-hydroxy- 3- isoxazolidinone  was  hydrogenated  over  platinum  oxide.  The  ester  of  glyceric  acid, 
ide.itified  as  the  amide,  was  obtained  when  the  monohydrate  of  4- Hydroxy- 3- isoxazolidinone  was  hydrolyzed. 


110 


;=0 


o'^  ;nh 
0/ 


.  lIjO 


CII2-CH-CONH2 

I  I  t 

OH  OH 


NH3 


CHo-CH-COOCHa-f  NHjOH  •  HCl 

I  ‘  I 

OH  OH 


Testing  of  the  obtained  compounds,  done  in  the  Chemotherapeutical  Section  of  our  Institute,  revealed  the 
absence  of  significant  antimicrobial  activity. 


EXPE  RIMENT  AL 

3- Isoxazolidinone .  A  solution  of  6.1  g  of  hydroxylaminc  sulfate  was  added  in  drops  to  a  vigorously  stirred 
solution  of  6.8  g  of  NaOH  in  10  ml  of  water  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not 
exceed  ~5*.  Then,  with  strong  cooling,  6.1  g  of  methyl  8  -chloropropionate  was  added  rapidly,  after  which  the 
mixture  was  stirred  for  2  I  r  at  “5*,  and  for  2  lir  at  20*.  After  12  Itr  50  ml  of  methanol  was  added,  the  mixture 
filtered,  and  the  filtrate  was  evaporated  in  vacuo.  The  residue  after  drying  in  a  vacuum  desiccator  was  dissolved 
in  methanol,  and  the  solution  was  filtered  and  evaporated  again.  Recrysiallization  from  a  mixture  of  methanol 
and  ether  gave  the  sodium  salt  of  3-isoxazolidinone  as  colorless  needles;  m.p.  61-62*  (decomp.). 

Found  %  N  10.85.  CaHiOaNNa  •  HjO.  Calculated  %  N  11.02. 

After  drying  in  vacuo  over  phosphorus  pentoxide  at  30*  to  constant  weight  we  obtained  the  sodium  salt  of 
3-isoxazolidinone  as  the  semihydrate;  m.p.  68*  (decomp.). 

Found  7<t  C  30.19;  H  4.36.  C3H4N02Na  •  V2H2O.  Calculated  %  C  30.04;  H  4.25. 

A  solution  of  the  sodiu  n  salt  of  3-isoxazolidinone  in  methanol  was  treated  with  the  calculated  amount  of 
sulfuric  acid  in  methanol  solution,  after  which  the  mixture  was  filtered.  The  filtrate  was  evaporated  in  vacuo, 
and  the  residue  after  long  diying  in  vacuo  over  phosphorus  pentoxida  became  cry’stalline .  Recrystallization  from 
,a  mixture  of  methanol  and  ether  gave  3-isoxazolidinone  with  m.p.  69-70*  (decomp.);  Ry  0.65  (butanol  :  acetic 
acid  ;  water  =  3  ;  3  :  5;  (Whatman  No.  1).  \ 
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The  following  compounds  were  obtained  in  a  similar  manner. 

4-Hydroxyisoxazolidinone;  m.p.  11*;  R/  0.32  (in  the  same  system). 

Found  %  C  29.42;  H  5.44;  N  11.95.  C3H5O3N  *  HjO.  Calculated  %  C  29.70;  H  5.80;  N  11.57. 

Sodium  salt;  m.p.  60-64“  (decomp.). 

Found  %  C  28.29;  H  3.57;  N  11.47.  C3H403NNa  •  HjO.  Calculated  <7(1  C  28.81;  H  3.19;  N  11.25. 

4-Methoxy-3-isoxazolidinonc;  m.p.  78-79*  (dccomp.);  Ry  0.60. 

Found  %  N  11.73.  C4H7O3N.  Calculated  %  N  11.59. 

Sodium  salt;  m.p.  65-68*  (decomp.). 

Found  %  N  10.95.  C4He03NNa.  Calculated  N  10.79. 

4-Ethoxy-3-isoxazolidinone;  sodium  salt,  m.p.  68*  (decomp.). 

Found  la  N  9.34.  C5H9O3N  .  Calculated  %  N  9.20. 

4-Acetoxy-3-isoxazolidinone;  m.p.  91-92*  (decomp.).  Ry  0.50. 

Found  %  N  9.59.  C5H7O3N.  Calculated  ‘7®:  N  9.68. 

Hydrogenation  of  4-hydroxy- 3- isoxazolidinone.  A  solution  of  0.48  g  of  4-hydroxy- 3- isoxazolidinone  in 
20  ml  of  dry  methanol  was  hydrogenated  over  platinum  oxide  at  room  temperature.  The  theoretical  amount  of 
hydrogen  was  absorbed  in  2  lir.  The  catalyst  was  filtered,  and  the  filtrate  was  evaporated  to  a  volume  of  2  ml 
and  then  diluted  with  ether  to  give  0.38  g  of  glyceramide;  m.p.  91*.  The  mixed  melting  point  with  the  authentic 
compound  [4]  was  not  depressed. 

Hydrolysis  of  4-hydroxy' 3- isoxazolidinone.  A  solution  of  0.52  g  of  4- hydroxy- 3- isoxazolidinone  mono¬ 
hydrate  in  10  ml  of  dry  methanol  was  saturated  with  dry  hydrogen  chloride  at  5*.  After  24  hr  the  mixture  was 
evaporated  to  a  volume  of  3  ml,  cooled,  and  the  hydroxylamine  hydrochloride  was  filtered;  m.p.  151*.  Treat¬ 
ing  the  filtrate  with  ammonia  gave  glyceramide;  m.p.  91*. 

SUMMARY 

1.  A  method  was  proposed  for  the  synthesis  of  3-isoxazolidinone  by  the  reaction  of  esters  of  S-halc- 
substituted  propionic  acids  with  hydroxylamine  in  alkaline  medium. 

2.  3-Isoxazolidinonc,  4-hydroxy-,  4-methoxy-,  4-ethoxy-  and  4- acetoxy- 3- isoxazolidinone  were  syn¬ 
thesized. 
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It  is  known  that  carbon  suboxide  can  be  used  in  the  Friedel-Crafts  reaction.  For  example,  it  is  reported 
that  the  reaction  of  carbon  suboxide  \mh  benzene,  in  the  presence  of  AICI3  leads  to  the  formation  of  acetophenone 
[IJ.  Since  the  Friedel-Crafts  reaction  when  employing  carbon  suboxide  proceeds  under  comparatively  drastic  con¬ 
ditions  (heat  and  a  high  suboxide  concentration),  then  the  formation  of  a  number  of  products  and  some  tarring 
could  be  expected  in  the  given  case.  Included  among  the  reaction  products  could  be  the  corresponding  methyl 
aryl  ketones,  syTiimetrical  6-diketoncs,  derivatives  of  the  trimer  of  the  suboxide  "substituted  phloroglucinols, 
and  various  polymers  of  carbon  suboxide. 

However,  when  the  Friedel-Crafts  reaction  vras  run  between  carbon  suboxide  and  benzene,  toluene,  ethyl¬ 
benzene  or  naphthalene  it  was  found  that  methyl  aryl  ketones  are  obtained  as  the  main  reaction  product.  Other 
secondary  compounds  could  not  be  isolated  and  identified.  The  reaction  of  carbon  suboxide  with  aromatic  hydro¬ 
carbons  in  the  presence  of  AICI3  can  be  depicted  by  the  following  scheme: 


Aril  I  0=C=C=C=--0  — ^  Ar-C-r,U=C=0 


ArC— CM.^COOH  — Ar— C— CII3 

-“COj 


EXPERIMENTAL 

Carbon  suboxide  was  obtained  by  the  pyTolysis  of  an  acetic  anhydride  solution  of  diacetyltartaric  anhydride 
in  a  quartz  tube  at  750“  [2].  Yield  30%  (anilide  method).  The  carbon  suboxide  was  added  to  the  aromatic  hydro¬ 
carbon  or  to  its  n- octane  solution  in  the  cold.  Then,  with  heating  on  the  water  bath  a  stream  of  gaseous  carbon 
suboxide  was  passed  tltrough  the  reaction  mixture  for  several  hours.  The  amount  of  unreacted  carbon  suboxide  was 
determined  by  its  precipitation  from  the  mixture  as  malonyl  dianilide. 

Reaction  of  carbon  suboxide.  1)  With  benzene.  Thirty  grams  of  aluminum  chloride  was  added  at  one  time 
to  100  ml  of  dry  benzene  and  then  4  g  of  carbon  suboxide  was  added.  This  was  followed  by  the  passage  of  gaseous 
carbon  suboxide  into  the  reaction  mixture  for  30  hr,  with  heating  to  60*.  On  completion  of  reaction  the  mixture 
was  treated  with  several  pieces  of  ice  and  150  ml  of  dilute  hydrochloric  acid.  The  benzene  layer  was  separated, 
and  the  water  layer  was  extracted  twice  with  ether.  The  benzene  and  ether  solutions  wore  combined  and  then 
dried  over  calcium  chloride  for  10  lir.  The  ether  and  benzene  were  removed  by  distillation  on  the  water  bath, 

'  while  the  residue  was  vacuum-distilled  tlirough  a  short  column.  Yield  5.1  g  (377o).  B.p.  99- 100*  "(10  mm). 


3033 


Semiearbazone,  m.p.  191-192*  (the  mixed  melting  point  with  acetophenone  semicarbazonc  was  not 
depressed). 

2)  With  toluene-  For  reaction  we  took  45  g  of  toluene,  20  g  of  aluminum  chloride  and  5.0  g  of  carbon 
suboxide.  The  reaction  mixture  was  worked  up  in  the  same  manner  as  the  preceding.  Yield  4.7  g  (43*70). 

B.p.  88-90*  (8  mm). 

Semiearbazone,  m.p.  201-202"  (the  mixed  melting  point  with  p-methylacetophenone  semiearbazone  was 
not  depressed). 

3)  With  ethylbenzene.  For  reaction  we  took  45  g  of  ethylbenzene,  26  g  of  aluminum  chloride  and  6.5  g 
of  carbon  suboxide.  Yield  7.8  g  (52%).  B.p.  86-87*  (10  mm). 

Oxime,  m.p.  81*  (the  mixed  melting  point  with  p-ethylacetophenone  oxime  was  not  depressed). 

4)  With  naphthalene.  For  reaction  we  took  6.0  g  of  naphthalene  in  50  ml  of  n-octane,  30  g  of  aluminum 
chloride  and  7.45  g  of  carbon  suboxide.  Yield  6.3  g  (32*7o)  .  M.p.  53-54*  (from  alcohol). 

Semiearbazone,  m.p.  235-236*  (the  mixed  melting  point  with  a-acetonaphthone  was  not  depressed). 

SUMMARY 

The  reaction  of  carbon  suboxide  with  benzene,  toluene,  ethylbenzene  and  naphthalene  in  the  presence 
of  aluminum  chloride  leads  mainly  to  the  formation  of  the  corresponding  methyl  aryl  ketones.  It  is  possible  to 
assume  that  other  alkylbenzenes,  and  also  naphthalenes,  will  react  in  a  similar  manner. 
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BENZIMIDAZOLE  DERIVATIVES 
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Scpteinher,  1960 

Original  article  snbmitted  September  19,  1959 

Continuing  our  study  of  tlie  direct  amination  of  1-substitutcd  benzimidazoles  [1,  31,  we  subjected  1-phenyl- 
and  l-benzylbenziinid.'’zolc  to  the  action  of  sodi\nn  attiidc.  A  phenyl  group  in  the  1-position  of  the  imidazole 
ring  exhibits  electron- acceptor  properties,  since  1-phenylimidazole  nitrates  in  the  p-position  to  the  N-heteroatom 
[2].  Consequently,  it  could  be  expected  that  its  introduction  into  the  benzimidazole  nucleus,  causing  a  reduction 
of  the  electron  density  in  tfie  imidazole  ring,  will  facilitate  the  progress  of  nucleophilic  substitution  reactions. 
However,  experijnent  reveals  that  the  presence  of  the  phenyl  group  not  only  does  not  facilitate  the  reaction,  but, 
to  the  contrary,  it  even  opposes  it;  1-phenylbcnzimidazole  does  not  aminate  when  it  is  treated  with  sodium  amide, 
wiiich  is  possibly  due  to  steric  hindrance.  The  conversion  becomes  possible  if  the  phenyl  radical  is  not  linked 
directly  to  the  imidazole  ring:  1-  benzylbeiizimidazole  reacts  easily  with  sodium  amide.  The  2- amino- 1- benzyl- 
benzimidazole  that  is  formed  lierc  exhibits  the  properties  characteristic  of  2- amino  derivatives  in  the  benzimida¬ 
zole  scries  [3]:  it  forms  a  salt  with  1  equivalent  of  acid,  the  azomctliine  (when  reacted  with  p-nitrobcnzaldehyde), 
is  easily  acylated,  but  it  does  not  diazotize  under  conventional  conditioas,  and  it  does  not  give  the  isonitrile  reac¬ 
tion. 

Earlier  it  had  been  shown  [4]  that  an  Nil  group  of  acid  character  (like  the  SO2NH  group)  may  be  successfully 
alkylated  by  tlie  Rodionov  method,  and  it  may  also  be  beazylated  by  the  Porai-Koshits  method,  employing  qua¬ 
ternary  ammonium  compounds.  The  use  of  this  method  is  expedient  if  the  molecule  contains  a  tertiary  N  atom. 
Using  these  ebservatioas  as  a  basis,  we  benzylatcd  benzimidazole  with  the  aid  of  dimethylphcnylbenzylammonium 
chloride  (Leucotropc  O)  in  alkaline  medium.  The  formation  of  l-benzylbenzimidazole  under  these  conditions 
proceeds  smoothly  and  in  good  yield. 

The  compound  was  obtained  earlier  by  the  cleavage  of  1,3-dibenzylbcnzimidazolium  chloride  by  heating 
in  vacuo  [5],  and  by  the  reaction  of  N- benzyl- o-phcnylenediamine  with  formic  acid  [6],  Our  method  of  the 
direct  benzylation  of  bcnzmiidazole  using  Leucotropc  O,  which  is  run  in  the  same  manner  as  the  benzylation  of 
6  -naphthol  [7],  is  much  simpler. 


EXPERIMENTAL 

Attempted  amination  of  1-phenylbcnzimidazole.*  The  evolution  of  hydrogen  is  not  observed  and  the 
2-amino  derivative  is  not  formed  when  1-pl  cnylbenzimidazolc  is  heated  (140“,  2  lir)  in  dimethylaniline  medium 
with  sodium  amide  (25‘/o excess).  Because  of  the  pronounced  tarring,  taking  place  even  in  the  cold,  we  were 
able  to  recover  the  starting  base  in  only  60%  yield. 

1-Benzylbenzimidazole.  A  solution  containing  1.6  g  of  NaOH  was  treated  with  4.8  g  of  benzimidazole 
and  then  a  satmated  water  solution  of  10  g  of  Leucotropc  O  was  added.  The  mixture  was  heated  on  the  boiling 


♦With  the  assistance  of  S.  Ya.  Zheltonozhko. 
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water  bath,  after  which  the  dimethylaniline  was  steam- distilled  in  1  bj.  The  residual  thick  blown  oil  crystallized 
on  cooling.  Yield  7.4  g  (907o).  Colorless  prisms  with  m.p.  116-117*  (from  alcohol)  (literature  data;  m.p.  115- 
115.5*  [5];  105*  [6]). 

The  picrate  was  obtained  as  yellow  needles  with  m.p.  167-168*  (literature;  m.p.  161-163*  [4]). 

Found  Id  N  15.94,  16.06.  CgHsOrNj.  Calculated  %  N  16.01. 

2- Amino-l-bcnzylbcnzimidazole.  A  mixture  of  the  sodium  amide,  obtained  from  1.75  g  of  sodium  in 
liquid  ammonia,  and  12.5  g  of  1-benzylbenzimidazole  was  heated  in  80  ml  of  dimethylaniline,  previously  dried 
over  caustic  and  distilled  from  sodium,  for  1  hr  up  to  90*.  and  then  the  heating  was  slowly  continued.  Hydrogen 
evolution  began  around  60*  and  went  stormily  between  90  and  120*;  the  evolution  slowed  up  after  20-30  min. 

The  mixture  was  heated  at  120-130“  until  the  hydrogen  evolution  ceased.  Then  the  mixture  was  cooled,  20  ml 
of  water  was  added,  and  tlie  precipitate  was  filtered  and  washed  with  benzene.  Yield  5.3  g  (42‘5o).  White  needles 
with  m.p.  194-195*  (from  toluene).  The  compound  is  readily  soluble  in  alcohol  and  acetone,  and  is  difficultly 
soluble  in  ether. 

Found  %  N  18.64.  18.64.  C14H13N3.  Calculated  %  N  18.83. 

From  the  motlier  liquor,  after  removal  of  the  water  and  vacuum- distillation  of  the  dimethylaniline,  it  is 
possible  to  isolate  up  to  3  g  of  highly  contaminated  reaction  product. 

2-(p-Nitrobenzylideneamino)-l-benzylbenzimida2ole.  An  alcohol  solution  of  2-amino-l-benzylbenzimi- 
dazole  and  p-nitrobenzaldehyde  (10*70 excess)  was  refluxed  for  1  hr.  The  obtained  precipitate  was  recrystallized 
from  alcohol,  and  then  from  acetone.  Slender  yellow-orange  needles  with  m.p.  201-202“,  and  readily  soluble 
in  benzene. 

Found  ‘7<t  N  15.52,  15.57.  C2aHi602N4.  Calculated  %  N  15.72. 

2-Acetamido-l-bcnzylbcnzimidazole.  The  compound  was  obtained  by  dissolving  2- amino- 1- benzyl- 
benzimidazole  in  excess  acetic  anliydride  with  slight  warming.  The  solution  on  cooling  deposited  a  precipitate 
which  was  rccry.stallized  from  alcohol  and  benzene.  White  prisms  with  m.p.  177-177.5*,  and  difficultly  soluble 
in  ether. 

Found  %  N  15.58,  15.96.  C1GH15ON3.  Calculated  %  N  15.84. 

2- p-Nitrohenzamido-1- be nzylbenz imidazole.  2- Amino-l-benzylbenzimidazole  was  acylated  by  treating 
with  p-nitrobcnzoyl  chloride  in  the  presence  of  aqueous  sodium  bicarbonate  solution.  Pale  yellow  needles  with 
m.p.  280-282*  (from  dioxanc). 

Found  Id  N  14.82,  14.90.  CziHirPaHi.  Calculated  N  15.05. 

2- Amino- 1-benzylbenzimidazole  hydrochloride.  Snow-white  crystals  (from  5% hydrochloric  acid  solution) 
with  m.p.  202-20.3°,  and  readily  soluble  in  alcohol. 

Found^;  Cl  13.60.  C14II13N3  •  HCl.  Calculated 70:  Cl  13.65. 

SUMMARY 

1.  2- Amino- 1-benzylbenzimidazole  is  easily  obtained  by  the  action  of  sodium  amide  on  1-benzylben- 
zimidazole.  1-Phcnylbenzimidazole  does  not  aminate  under  these  conditions. 

2.  l-Benzylbenzimidazole  may  be  obtained  in  good  yield  by  the  action  of  Lcucotrope  O  on  benzimidazole. 
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In  our  previous  paper  [1],  it  vras  sho’.vn  that  in  compounds  of  type  (I),  where  R  =  CH3,  GHjCgHg,  CgHs,  NH^ 
or  NHCH3,  the  halogen  can  easily  be  replaced  by  tlie  amino  group,  by  fusion  with  urea. 

A  reaction  is  known  from  the  literature  [2],  in  which  the  interaction  of  phthalic  anhydride  with  molten 
urea,  in  the  absence  of  catalysts,  leads  to  the  formation  of  phthalimide,  and  in  the  presence  of  catalysts,  leads 
to  the  replacement  of  the  hydrogen  in  the  carbonyl  groups  to  form  aminoiminoisoindolenine. 

On  the  other  hand,  data  exists  on  the  possibility  of  replacing  the  methoxy  groups  in  2,4-dinitroanisole  and 
the  phenoxy  groups  in  2,4-dinitrophenyl  ether  with  amino  groups,  by  the  reaction  of  these  compounds  with  water" 
—  alcohol  solutions  of  ammonia  [3]. 

It  seemed  interesting  to  investigate  the  possibility  of  replacing  other  substituents  in  a  similar  reaction. 

At  the  start  v/e  studied  the  reaction  of  molten  urea  with  compounds  of  types  (II)  and  (HI),  where  R  =  CH3 
or  CgH5,  and  Rj  ~  CH3,  NHCH3,  CgH5,  or  CgHgCH2. 


Cl 

OH 

OR 

1 

/\_N02 

1 

/\_  NO., 

1 

/\_N02 

\/ 

\/ 

1 

\/ 

1 

S().d\ 

NOa 

1 

S0.2H, 

(1) 

(II) 

(III) 

The  fundamental  reaction  products  obtained  are  amino  compounds  containing  the  amino  group  instead  of 
the  corresponding  ether  groups,  which  was  established  from  their  identity  with  the  well-recognized  amines  ob¬ 
tained  from  the  halides. 

The  reaction  was  studied  more  in  detail  in  the  case  of  2,4-dinitroanisole,  and  it  was  shown  that  along  with 
the  2,4-dinitroaniline  there  is  formation  of  methanol,  giving  the  methyl  ester  of  p-nitrobenzoic  acid,  which  was 
identical  with  tlie  ester  [4]  synthesized  in  the  usual  way. 

The  methoxy  and  phenoxy  groups  in  the  compounds  investigated  were  easily  replaced,  but  the  yield  of 
amines  from  the  phenoxy  derivatives,  as  can  be  seen  from  the  data  of  Table  3,  was  somewhat  less  than  in  the 
case  of  the  methoxy  derivatives. 

With  type  (IV)  compounds,  the  amines  were  obtained  in  lower  yield  than  in  the  experiments  with  com¬ 
pounds  containing  the  nitro  group  in  the  ortho  position  to  the  group  being  replaced. 
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0R2 


/N-SOaNHCHj 


U 


NO, 

(IV) 

R*  =  CH,  or  C,H,. 


Experiments  on  the  preparation  of  amines  by  the  replacement  of  thiophenone  residues  in  compounds  having 
the  structuresf  V)  and  (VI),  prepared  especially  for  this  purpose,  gave  negative  results.  There  is  no  reaction  be¬ 
tween  these  compounds  and  molten  urea. 
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(V)  (VI) 

ji  =r,n.ciorp 

U,  =  Nil*  IljOr  C.ll.CM,. 


4-  Acetoxy-  3-  nitiophcnylmethylsulfone  forms  4-  hydroxy-  3-  nitrophenylinethylsulfonc . 
were  found  in  the  products  of  the  reaction. 


No  amino  compounds 


Amines  of  types  (VII)  and  (VIII),  formed  from  compounds  of  type  (HI)  and  (IV),  when  boiled  with  10% 
caustic  soda  solution  readily  split  off  ammonia  and  according  to  the  data  in  the  literature  form  hydroxy  deriva¬ 
tives  [5]. 

NII2  NMa 


A,-N0, 

1  1 

\/ 

1  1 

\/ 
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so,  11, 

1 

NOz 

(vii) 

(VlII) 

The  hydroxy  compounds  obtained  are  identical  with  the  hydroxy  derivatives  obtained  from  alkaline  hydrol¬ 
ysis  of  the  corresponding  chlorine  derivatives. 


EXPERIMENTAL 


I.  Initial  Materials 

Methoxy  derivatives  (H),  (HI),  and  (IV).  Into  a  three-necked  flask,  provided  with  stirrer,  therinometcr, 
dropping  futmel,  and  reflux  condenser,  place  120  ml  of  methanol  and  0.1  mole  of  the  initial  chloronitrosulfonc; 
heat  to  boiling  on  a  water  bath,  and  from  a  dropping  funnel,  over  the  course  of  one  hour,  add  50  ml  of  a  methanol 
solution  containing  0.15  mole  of  caustic  soda.  Continue  boiling  for  4-5  hr,  cool  and  filter  off  the  residue;  wash 
with  100  ml  of  cold  water,  and  press  dry.  The  dried  product  recrystallized  from  alcohol.  The  compounds  syn¬ 
thesized  are  shown  in  Table  1. 

Phenoxy  derivatives  of  types  (II),  (HI),  and  (W),  and  thiophenoxy  derivatives  of  types  (V)  and  (VI).  The 
compounds  indicated  were  prepared  by  fusing  tlie  corresponding  chlorine  derivatives  with  phenol  or  aromatic 
mercaptatis  in  the  presence  of  potassium  fluoride,  according  to  the  method  described  for  the  preparation  of  similar 
dinitrophenyl  derivatives  [6,  7].  The  compounds  synthesized  are  shown  in  Table  2. 

4- Acetoxy- 3- nitrophenylmethylsulfonc .  Into  a  conical  Erlenmcyer  flask,  provided  with  a  reflux  condenser 
place  25  ml  pyridine.  10  ml  of  acetic  anliydridc;  add  to  the  mixture  5  g  of  4- hydroxy- 3- nitrophenylmethylsulfonc 
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with  m.p.  164-165°.  Boil  three  hours,  decant  into  150  ml  of  water  and  let  stand  overnight.  Filter  off  the  pre¬ 
cipitate,  and  crystallize  from  alcohol  (with  a  small  quantity  of  activated  charcoal).  Yield  1,5  g  of  substance 
with  m.p.  139.5-140°. 

Found  N  5.28,  5.39.  CgHgOgN.  Calculated  N  5.18. 

II.  Reaction  with  Urea 

Reaction  with  fused  urea.  Cempounds  of  types  (m)  and  (IV).  Maintain  0.01  mole  of  one  of  the  compounds 
of  type  (III)  or  (IV),  and  2.4  g  urea  at  200°  for  30  min.  Violent  gas  evolution  starts  at  180°,  and  the  melt  changes 
from  bright  yellow  to  cinnamon  red.  Toward  the  end  of  the  reaction  in  the  rather  fluid  melt,  crystals  of  cyanuric 
acid  separate  out.  Pour  the  melt  into  25  ml  of  cold  water.  Yellow  crystals  of  the  amino  compounds  immediately 
settle  out,  which,  after  cooling,  arc  filtered  out  and  dried.  Recrystallizc  the  dry  amino  compounds  from  alcohol, 
or,  when  replacing  the  pheiioxy  group,  from  benzene  and  then  from  alcohol. 

To  identify  what  amines  were  prepared,  an  analysis  for  nitrogen  was  carried  out,  along  with  melting  point 
determination,  of  both  the  amines  themselves,  and  mixtures  of  them  with  pure  synthetic  preparations,  in  which 
no  depression  of  the  melting  point  was  observed.  The  compounds  synthesized  are  sho\\m  in  Table  3. 

The  reaction  with  diphcnylsulfides  having  structures  (V)  and  (VI)  was  canied  out  under  analogous  conditions. 
The  initial  materials  were  recovered  unchanged  from  the  reaction  products. 

Reaction  of  diniiroanisole  with  molten  urea.  Place  198  g  2,4-dinitroanisolc  and  240  g  of  urea  in  a  Claisen 
flask,  provided  with  a  thermometer,  a  condenser  connected  to  a  receptacle  for  the  distillate,  and  a  gas  trap  filled 
with  sulfuric  acid.  Heat  on  a  glycerin  bath  to  180°,  and  maintain  this  temperature  for  30  min.  From  the  moment 
the  urea  begins  to  decompose,  liquid  begins  to  collect  in  the  receptacle  attached  to  the  condenser.  The  thermom¬ 
eter  placed  in  the  vapor  shows  66°,  After  reaction,  the  cinnamon-red  mass  is  poured  into  400  ml  of  cold  water. 

Filter  off  the  dark  yellow  residue,  wash  with  250  ml  of  cold  water,  and  dry.  The  substance  obtained  after 
the  first  crystallization  from  alcohol  meLs  at  178-179°,  and  after  a  second  crystallization  the  m.p.  rises  to  182- 
183°.  Mixing  with  pure  2,4-diniiroaniIine  gives  no  depression  of  the  melting  point.  The  acetyl  derivative  melts 
at  121°.  The  yield  of  product  with  m.p.  179°  is  158  g  (8670).  Cyanuric  acid  was  separated  from  the  residue  insolu¬ 
ble  in  alcohol. 

Acidify  the  liquid  in  the  receiver  w'ith  cone.  H2SO4  to  a  neutral  reaction  to  paper  impregnated  with  nitrazine 
yellow  (delta  pigment)  filter  off  the  residue  (ammonium  sulfate),  and  distill  the  filtrate  in  the  special  apparatus 
described  in  [8].  The  principal  fraction  goes  over  at  65-67°. 

The  liquid  obtained  is  methanol  shown  by  the  usual  method  [4J  of  preparing  from  it  the  methyl  ester  of 
p-nitrobenzoic  acid,  with  m.p.  9G*.  A  mixture  with  the  ordinary  methyl  ester  of  p-nitrobenzoic  acid  melts  at  96*. 

Reaction  of  4-acetoxy-3-nitrophcnylmcthylsulfone  with  molten  urea.  Mix  1.2  g  4-acctoxy-3-nitrophcnyl- 
mcihylsulfone  with  4  g  urea,  and  heat  in  an  open  Erlcnmcyer  flask  to  200°  on  a  glycerin  bath.  Keep  the  melt 
at  this  temperature  for  30  min,  and  then  poured  it  into  50  ml  of  water.  Filter  off  the  precipitate  of  cyanuric  acid, 
and  acidify  the  filtrate.  After  washing  with  water  and  drying,  0.62  g  of  a  substance  with  m.p.  159-162*  is  obtained. 
After  crystallization  from  50  ml  of  alcohol,  the  m.p.  is  164-165°.  Mixing  with  4-hydroxy-3-nitrophcnylmethyl- 
sulfone  (m.p.  164-165°)  gives  no  depression  of  the  melting  point. 

Reaction  of  amines  of  structures  (VII)  and  (Vni)  with  molten  urea.  Into  a  Kjcldahl  flask  place  a  solution 
of  10  g  caustic  soda  in  250  ml  of  water,  then  introduce  0.2  g  of  the  amino  compound  and  distill  off  150  ml  of 
water  through  the  fractionating  column.  Acidify  die  residue,  filter  off  the  precipitate  formed,  dry,  and  recrys¬ 
tallize  from  aqueous  alcohol  (757o).  The  phenols  formed  are  soluble  in  alkali,  giving  a  yellow  coloration. 

The  results  obtained  are  shown  in  Table  4. 


SUMMARY 

1,  It  has  been  found  that  the  reaction  of  methyl  and  phenyl  ethers  of  dinitrophenol  and  hydroxynitrophenyl 
alkyl  (aryl)sulfones,  having  the  structures  (11),  (HI),  and  (IV),  with  molten  urea  at  temperatures  up  to  200*,  leads 
to  replacement  of  the  methoxy  and  phenoxy  groups  by  the  amino  group. 
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2.  It  has  been  established  that  the  reaction  of  4-acetoxy-3-nitrophenylmethylsulfone  with  molten  urea 
forms  4-  hydroxy-  3-nicrophenylmethylsulfone . 

3.  In  the  reaction  of  dinitrophenylsulfones  and  nitroalkyl  (aryl)sulfonyldiphenyl  sulfides  having  structures 
(V)  and  (VI)  with  molten  urea,  there  is  no  replacement  of  the  sulfide  groupings  under  the  conditions  studied. 

4.  The  possibility  of  replacing  amino  groups  with  hydroxy  groups  by  the  action  of  boiling  aqueous  solutions 
of  caustic  soda  on  substituted  amines  has  been  confirmed  by  a  number  of  new  examples. 
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REACTIONS  OF  AROMATIC  NITRO  COMPOUNDS 

VIII.  TRANSESTERIFICATION  OF  ALKYL  ESTERS 
OF  N ITRO -  (MET IIYLSU  LFONY L)-  PHENOLS 

S.  S.  Gitis,  M  S.  Malinovskii,  A.  M.  Prokhoda,  and 
V.  P.  Sribnaya 
Dnepropetrovsk  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  3072-3074, 
September,  1960 

Original  article  submitted  August  22,  1959 


The  alkyl  esters  of  2,4-dinitrophcnol,  as  has  been  shown  earlier  [1,  2],  enter  into  the  transesterification 
reaction  at  room  temperature-  The  ease  with  which  one  alkoxy  group  can  be  replaced  by  another  is  explained 
by  the  formation  of  exceedingly  reactive  intermeaiate  quinol-type  complexes  [3].  Here  the  nitro  group  in  the 
para  position  takes  part  in  the  fonnation  of  the  corresponding  quinol.  The  second  nitro  group,  being  in  the  ortho 
position,  produces  an  increase  in  positive  charge  at  the  carbon  atom  with  which  the  alkoxy  group  is  bound,  thus 
facilitating  the  formation  of  the  complex. 


In  the  present  paper,  we  have  set  ourselves  the  task  of  determining  to  what  extent  this  reaction  occurs  in 
esters  containing  other  electron- acceptor  groups  in  the  aromatic  nucleus.  To  this  end,  we  selected  the  esters  of 
methylsulfonylphenol  for  investigation.  Although  the  rnethylsulfonyl  group  is  about  Vio  as  strong  in  its  electron- 
acceptor  properties  as  the  nitro  group  [4J,  as  our  investigations  have  shown,  the  transesterification  of  the  esters 
of  2-nitio-4-(methylsulfonyl)-phenol,  and  4- nitro- 2- (rnethylsulfonyl)- phenol  proceeds  readily.  The  methyl 
ester  of  2, 4-bis-(methylsulfonyl)- phenol  docs  not  show  transesterification. 


Thus,  for  the  reaction  to  take  place,  there  must  be  at  least  one  nitro  group  in  the  aromatic  nucleus,  from 
which  a  quinol-type  complex  can  lx;  formed.  The  intermediate  complex  from  the  esters  of  2-nitro-4-(methyl- 
sulfonyl)- phenol  has  the  ortho  quinol  structure,  and  in  this  case,  the  transesterification  can  be  represented  by  the 
following  scheme: 


OR 

I 

4-ll.OK 

I 

S0._,CH3 


RO  OR, 

\/ 

I 

SO2CH3  i 


-KOK 


OR, 


I 

SOjCH, 


The  difference  in  reactivity  between  the  esters  of  2-nitro-4-(methylsulfonyl)-phenol  and  the  esters  of 
4-nitro-2-(methylsulfonyl)- phenol  is  insignificant.  For  comple’e  formation  of  the  intermediate  complex,  60  min 
is  sufficient  in  the  first  case,  and  in  the  second  case,  the  optimum  time  is  15  min.  The  investigations  have  also 
shown  that  the  higher  alkyl  esters,  prepared  from  the  methyl  ester  or  by  transesterification  from  lower  esters,  are 
always  purer  than  the  esters  synthesized  from  the  chlorine  derivatives  of  the  corresponding  methyl- (nitrophenyl)- 
sulfones. 
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R  in  initial 

R  in  ester  i 

;  Yield 

i 

j  Melting 

Empirical  ; 

°/  o  S 

ester 

prepared  ^ 

1 

1  point 

formula 

1  found  !  calc. 

1  1 

Clh 

C.,115 

U<) 

911 

SOjCHj 

1 

IU-142® 

CuHiiO^NS 

13.09 

13.06 

C0H5 

n  -C;,ll7 

Ot 

SI -.91.5 

^  '10^  1  S 

12.21 

1 2..33 

n-Call; 

n-r.4Hfi 

ss 

68  —69 

CuH,,o.;ns 

1 1 .68 

1  i.72 

n  -C4lln 

iso  -c;4ii'i 

77) 

7.3 

c,,  11,-0-, NS 

1 1.86 

1  1.72 

iso  -C4lio 

n-C.-.Iln 

S!) 

:;9..5— 4(1 

0,.,II,:()-,NS 

11.34 

1 1.1.5 

n-  Cjll,, 

iso-^'jllu 

79 

.51 

(3,. 41,70- NS 

11.17 

1  1.1.5 

CIL, 

Uo- 

T-i 

1 

133-134  * 

i, 

(;.,ii,,07NS 

13.21 

13.06 

C.,II- 

n 

so 

f ,  ,0 1 1  i.-jO- N  S 

1 2..55 

1 2.33 

n -UtUt 

n  -U;!!'* 

S3 

9.5— 96 

1 1  ..52 

11.72 

n-f>4llo 

iso-C4lL, 

I(t|  — I'lJ 

11.32 

1  1 .72 

iso  <'.411,, 

n-C,II„ 

);ii 

99.-,— 

II, 7<).7NS 

11.31 

1  1.15 

n  tl-.llii 

iso-Cr,liii 

.'.S 

1  ll'()-.-13l 

r.,.,  11,70- NS 

11.28 

11.15 

•Melting  point  agrees  with  value  in  the  literature. 


EXPERIMENTAL 

Synthesis  of  methyl- (4- methoxy-  3- nitrophenyl)- sulfone  and  methyl- (2- methoxy-  5- nitrophenyl)- sulfone . 

a)  The  sulfochloride,  prepared  from  the  corresponding  sodium  chloronitrobenzenesulfonate  and  PCI5  [5],  was 
reduced  with  sodium  sulfite  at  room  temperature  to  give  the  sodium  salt  of  the  sulfinic  acid  [6]. 

b)  To  a  saturated  aqueous  solution  of  the  sodium  sulfinic  acid  salt  add  four  times  the  amount  of  methyl 
iodide,  and  heat  the  mixture  on  a  water  bath  for  16  hr  (bath  temperature  50“).  Filter  off  the  water- insoluble 
methylsulfones.  and  recrystallize  from  aqueous  alcohol.  Yield  SOvi?.  The  melting  points  correspond  with  the  data 
in  the  literature. 

c)  Dissolve  one  gram  of  methyl- (chloronitrophenyl)- sulfone  in  10  ml  of  methanol  to  which  has  been  added 
an  equimolecular  quantity  of  sodium  methylate,  and  heat  on  a  water  bath  for  15  min.  After  evaporating  off  the 
alcohol,  crystallize  the  methyl  esters  from  aqueous  ethanol.  The  melting  point  of  methyl-(4-methoxy-3-nitro- 
plieiiyl)- sulfone  is  1.16.5-147°,  the  m.p.  of  methyl-(2-methoxy-.5-nitrophenyl)-suIfone  is  144*. 

Transesterification  of  the  alkyl  esters  of  2-nitro-4-(methylsulfonyl)-phenol  and  4-nitro-2-(methylsulfonyl)- 
phenol.  Dissolve  0.001  mole  of  the  initial  ester  in  three  ml  of  dioxane.  To  the  solution  add  0.004  mole  of 
caustic  potash,  dissolved  by  heating  in  4-6  ml  of  the  corresponding  alcohol .  The  solution  gradually  takes  on  an 
orange-red  color.  After  15  min  for  the  complexes  of  4-nitro-2-(methylsulfonyl)- benzol,  and  60  min  for  the  com¬ 
plexes  of  2-nitro-4-(methylsulfonyl)-benzol,  they  are  decomposed  by  the  addition  of  30-50  ml  of  water,  with 
mechanical  mixing.  With  the  exception  of  the  n-amyl  ester  of  4-nitro-2-methylsulfonylphenol,  all  the  esters 
are  crystalline  substances,  which  can  be  recrystallized  from  aqueous  alcohol,  benzene,  or  a  mixture  of  benzene 
and  petroleum  other.  The  n-amyl  ester  is  an  oily  liquid  that  begins  to  crystallize  after  two  months  standing. 

The  products  synthesized  and  their  constants  are  given  in  the  table. 

SUMMARY 

1.  The  possibility  of  transesterification  of  alkyl  esters  of  nitrophenols  containing  the  methylsulfonyl  group 
in  the  nucleus  is  demonstrated. 

2.  By  tile  transesterification  method,  alkyl  esters  of  2-nitro-4-methylsulfonylphenol  and  4-nitro-2-methyl- 
sulfonylphenol  were  synthesized;  these  compounds  are  not  described  in  the  literature. 
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3.  The  esters  studied  form  a  scries  of  alkoxyl  groups  which  correspond  in  the  order  of  their  substituting 
power  to  the  series  of  the  esters  of  2,4-dinitrophcnol  [2]. 
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SYNTHESIS  AND  INVESTIGATION  OF  POLYAMIDES 


FROM  CJ.  w’ -  DIAMINO- p- XY  LENE  AND  DICARBOXYLIC  ACIDS 

I.  P.  Losev,  O.  Ya.  Fedotova,  and  N.  M.  Filippova 

Mendeleev  Chemicotechnological  Institute,  Moscow 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  3074-3077, 

September,  1960 

Original  article  submitted  August  11,  1959 


A  method  has  been  proposed  earlier  for  synthesizing  w, a/ -diamino-p- xylene  from  aj,a/-dichlor-p-xylene 
through  a  complex  of  the  latter  with  hexamethylenetetramine,  followed  by  decomposition  of  the  compound 
formed  [1]. 

In  the  reaction  of  oi. a/- diamino- p- xylene  with  dicarboxylic  acids  (malonic,  succinic,  adipic,  and  sebacic) 
in  alcoholic  media,  neutral  salts  were  obtained.  The  conesponding  polyamides  were  synthesized  by  heating  the 
salts  in  a  stream  of  inert  gas.  They  had  a  specific  viscosity  in  O.S'yocresol  solution  of  0.19-0.27,  and  m.p.  110- 
290*,  depending  on  the  structure  of  the  dicarboxylic  acid.  The  polyamides  had  high  hardness  and  stability  [1]. 

Continuing  the  study  of  the  properties  of  polyamides  derived  from  u;,  a/ -diamino-p- xylene  and  dicarboxylic 
acids,  we  prepared  a  number  of  salts,  namely,  with  glutaric,  pimelic,  azelaic,  and  once  again  with  sebacic  acid. 
The  elementary  analysis  of  the  salts  prepared  enabled  us  to  determine  thrir  empirical  formulas,  corresponding  to 
the  composition  of  the  neutral  salts.  By  heating  the  salts  to  temperatures  from  220  to  290*,  we  obtained  a  series 
of  curves  showing  the  dependence  on  the  reaction  temperature  of  the  specific  viscosity  of  0.2'7o  solutions  of  the 
polyamides  in  cresol. 

This  established  the  fact  that  for  poly-p-xylyleneglutaramide  (I),  and  poly-p-xylylenepimeleneamide  (EL), 
the  optimum  reaction  temperature  is  240*;  for  poly-p-xylyleneazelainamide  (III)  it  is  250*,  for  poly-p-xylylene- 
sebacinamide  (IV),  it  is  260“  (Fig.  1). 

The  properties  of  polyamides  prepared  under  optimum  conditions  are  given  in  Table  1. 

Along  with  this,  we  measured  the  thermomechanical  properties  of  the  polymers  with  Zhurkov's  apparatus 
(load  975  g,  application  time  10  sec).  Fig.  2  shows  the  thcrmomcchanical  curves  for  substances  (I- IV). 

As  may  be  seen  from  the  data,  the  polyamides  have  crystalline  structures,  they  have  no  stage  in  which  they 
arc  in  the  super- elastic  state,  and  they  are  not  deformed  by  heating  under  load  in  the  range  below  260-270", 
which  testifies  to  their  high  thermal  stability. 

This  study  of  the  pro{Xjrties  of  the  salts  and  polyamides  supplements  the  data  obtained  in  the  previous  paper, 
which  provided  us  with  a  series  of  salts  and  polyamides  derived  from  (J,(j’-diamino-p-xylenc  and  dicarboxylic 
acids,  starting  with  malonic  and  ending  with  sebacic  (for  lack  of  material,  no  salt  was  prepared  from  suberic  acid). 
This  polyamide  series  is  characterized  by  the  usual  dependence  of  properties  on  acid  structure.  Thus,  the  melt¬ 
ing  point  of  the  "even"  polyamides  is  higher  than  the  melting  point  of  the  corresponding  polymers  with  an  odd 
number  of  carbon  atoms  in  the  dicarboxylic  acid.  The  solubility  (in  cresol,  water,  cyclohexanone,  or  ethylene 
glycol)  increases  with  increasing  number  of  carbon  atoms  in  the  dicarboxylic  acid  molecule.  The  thermome¬ 
chanical  investigations  make  it  possible  to  set  up  the  optimum  technique  for  working  with  the  polyamides  at  the 
plastic  flow  temperatures  between  270  and  285".  The  polyamides  prepared  were  readily  workable  under  pressure, 
but  the  most  satisfactory  way  of  working  them  was  casting  under  pressure. 
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TABLE  1 


Designation 

Melting  point 

Specific 

— 

Water  ab- 

7sp0.2'7>’ 

Mul.  wt. 

Deg.  of 

of  salt  * 

of  polymers 

gravity 

hardness 

serprion 

cresol 

(viscosim- 

polymer- 

Solvents 

(gm/cm^ 

kg/cm^ 

(‘7o/24  hr) 

solution 

etric) 

ization 

GA 

I 

285-291* 

1.16 

— 

- 

0.089 

8740 

38 

iCresol, 

PA 

11 

272-275 

1.14 

31.9 

0.03 

0.155 

16380 

66 

1  formic 
i  acid. 

AzA 

ni 

268-270 

1.10 

26.6 

0.28 

0.162 

19800 

68 

( 

SK 

274-276 

1.12 

27.1 

0.12 

0.174 

21800 

72 

1 

•The  p-xylyleneciiaminc  salts  are;  GA~with  glutaric  acid,  PA~with  pimelic  acid,  AzA“with  azelaic  acid, 
SA~with  sebacic  acid. 


Fig.  1.  Dependence  of  the  specific  viscosity  of 
0.27o  polyamide  solutions  in  cresol  on  the  polymer¬ 
ization  temperature.  1)  Poly-p-xylylencglutar- 

amide;  2)poly-p-xylylenepimelenamide.;  3)poly-p- 
-xylyleneazclainamide;  4)  poly-p-xylylencscbacin- 

amide. 


Fig.  2.  Temperature  dependence  of  change  in 
deformation  value.  1)  Poly-p-xylyleneglutar- 
amide;  2)  poly-p-xylylenepimeleneamide; 

3)  poly-p-xylyleneazelainamide;  4)poly-p- 
xylylenesebacinamide . 


EXPERIMENTAL 


Preparation  of  salts.  On  mixing  a  10 'Is? solution  of  £j,a/-diamino-p-xylene  with  glutaric,  pimelic,  azelaic, 
or  scbacic  acid,  a  white  crystalline  precipitate  of  the  neutral  salt  settles  out.  Theii  properties  are  given  in 
Table  2. 


Preparation  of  polyamides.  The  polyamides  were  prepared  by  heating  the  salt;  at  various  temperatures, 
first  in  a  stream  of  argon  at  atmospheric  pressures,  th(;n  in  vacuum.  From  a  number  of  experiments,  the  optimum 
conditions  for  the  synthesis  were  determined.  They  are  given  here. 

Pol>7nerization  of  the  salt  GA.  The  salt  was  heated  to  240*  in  a  stream  of  argon  at  atmospheric  pressure 
for  3.5  hr.  then  at  2-3  mm  for  40  min.  A  white  opaque  polyamide  was  formed. 

Polymerization  of  the  salt  PA.  Carried  out  in  the  same  way  as  the  preceding.  A  hard,  white,  opaque 
polyamide  was  formed. 

Polymerization  of  the  salt  AzA.  The  salt  was  heated  to  250*  in  a  stream  of  argon  at  atmospheric  pressure 
for  3.5  hr,  then  at  2-3  mm  for  40  min.  A  white  opaque  polyamide  was  formed. 

Polymerization  of  the  salt  SA.  The  salt  SA  was  heated  to  2G0*  in  a  stream  of  argon  for  two  hours  at 
atmospheric  pressure,  and  for  45  min  at  2-3  mm.  A  very  stable,  white,  opaque  polyamide  was  formed. 

The  polyamide  samples  were  prepared  for  study  by  grinding  them  up,  and  treating  them  with  hot  water 
for  a  short  time  to  remove  traces  of  unrcacted  salt. 
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TABLE  2 


No. 

Melting 

pH 

Empirical 

formula 

Found  ( ‘yo) 

Calc.  (%) 

point 

c 

11 

N 

c 

H 

N 

t 

GA 

185-189° 

7.0 

.57.6 

7.69 

10.43 

58.2 

7.47 

10.44 

2 

PA 

190-191 

6.8-7.0 

61.4 

8.35 

9.26 

60.8 

8.11 

9.46 
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The  salts  are  very  hygroscopic,  and  should  be  kept  away  from  moisture.  The  investigation  of  the  poly¬ 
amides  was  carried  out  by  the  usual  methods. 

SUMMARY 

1.  Salts  of  w,t4/-diamino-p-xylene  with  glutaric,  pimelic,  and  azelaic  acids  were  prepared  and  described. 

2.  Polyamides  derived  from  salts  of  u;,a/-diamlno-p-xylene  with  glutaric,  pimelic,  and  azelaic  acids 
were  prepared  and  described.  These  form  a  homologous  series  with  the  ones  described  previously  [1]. 

3.  The  dependence  of  the  properties  of  the  polyamides  derived  from  cu, a/ -diamino-p- xylene  on  the  struc¬ 
ture  of  the  dicarboxylic  acid  and  the  possibility  of  synthesizing  polymers  of  high  hardness  and  thermal  stability 
were  demonstrated. 
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THE  ROLE  OF  C  OM  P  LE  X  -  F  ORM  IN  G  ADDITIVES 
IN  THE  SYNTHESIS  OF  PH  T  H  A  LOG  Y  A  N  I  N  ES 


I.  THE  EFFECT  OF  COMPOUNDS  OF  PHOSPHORIC  ACID 
AND  MOLYBDENUM  TRIOXIDE  ON  THE  FORMATION 
OF  Fe-PHTHALOCYANINE 

A.  P.  Rudenko  and  N.  P.  Dobrose  1’ ska ya 
Moscow  State  University 

Translated  from  Zhurnal  Obshclici  Khimii,  Vol.  30,  No.  9,  pp.  3077-3083, 
September,  1960 

Original  article  submitted  August  6,  1959 


The  process  of  formation  of  phthalocyanine  and  its  metallic  compounds  from  phthalic  acid,  as  follows  from 
the  literature  [1-4  and  others],  is  accelerated  catalytically  by  the  addition  of  materials  of  the  most  diverse  sort, 
such  as  metals,  metallic  oxides,  chlorides,  sulfates  and  other  compounds  of  elements  belonging  to  groups  I-VI. 
Compounds  belonging  to  groups  V  and  IV  of  D.  I.  Mendeleev’s  periodic  system  of  the  elements  are  especially 
active  catalysts.  It  seemed  to  be  of  interest  to  investigate  the  nature  of  the  catalytic  action  of  the  most  active 
catalysts  mentioned,  and  in  the  same  connection  to  study  the  mechanism  of  phthalocyanine  formation. 

In  the  present  work,  we  studied  the  effect  of  compounds  of  phosphoric  acid  and  molybdenum  trioxide  on 
the  yields  of  Fe -phthalocyanine  (H),  prepared  by  the  reaction  of  powdered  iron  with  fused  phthalimide  (I),  or 
phthalamide  (HI),  in  the  presence  of  ammonia,  without  increase  in  pressure,  at  240*. 


It  turned  out  that  the  formation  of  Fe* phthalocyanine  with  a  yield  of  38*70 proceeds  without  addition  of 
catalyst.  The  introduction  of  molybdenum  trioxidc,  ammonium  molybdate,  orthophosphoric  acid,  or  mono-am¬ 
monium  phosphate,  in  quantities  up  to  0.1  g-atom  of  molybdenum  or  phosphorus  per  mole  of  phthalamide,  even 
reduced  the  yields  (H)  compared  with  experiments  without  the  above-mentioned  additions,  while  on  the  other 
hand,  complex  compounds  (phosphomolybdic  acid  and  ammonium  phosphomoiybdatc)  iiitroduccd  into  tlie  reac¬ 
tion  mixture  in  the  same  quantities  raised  the  yield  of  (11),  the  maximum  activity  being  observed  at  concentra¬ 
tions  of  0.02-0.07  g-atoms  of  molybdenum  or  0.002-0.096  g-atom  of  phosphorus  per  mole  of  phthalamide  (see 
Fig.  1).  Adding  larger  quantities  of  these  substances  does  not  give  uniform  effects  in  all  cases,  as  follows  from 
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Figs.  2  and  3.  In  the  case  of  phosphoric  acid  and  its  ammonium  salt,  increasing  the  quantity  added  leads  to  a 
gradual  decrease  in  the  yield  of  (H),  the  formation  of  which  stops  completely  on  adding  one  g-atom  of  phospho¬ 
rus  per  mole  of  phthalamide.  In  the  case  of  molybdenum  trioxide  and  ammonium  molybdate,  in  the  course  of 
a  general  lowering  of  the  yields  of  (H)  with  increasing  concentrations  of  the  additive,  there  is  a  temporary  increase 
in  yield  at  concentratiorrs  of  0.2-0. 4  g-atom  of  molybdenum  per  mole  of  phthalamide.  For  complex  compounds, 
after  the  above-mentioned  activity  maxima,  a  rapid  drop  sets  in  on  increasing  the  concentration  of  catalyst  to 
0.3  g-atom  of  molybdenum  per  mole  of  phthalamide.  At  higher  concentrations,  the  catalytic  action  continues 
to  decrease,  but  more  slowly. 

From  the  data  given,  it  follows  that  the  effect  of  additions  of  complex  compounds  on  the  formation  of 
Fe-phthalocyanine  can  be  characterized  as  the  activation  of  a  catalytic  process,  apparently  proceeding  under  the 
influence  of  metallic  iron  and  the  walls  of  the  glass  reaction  vessel. 


The  mechanism  of  formation  of  Fe-phthalocyanine  from  phthalamide  and  iron  can  be  represented  in  two 
different  ways. 
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In  botli  cases  there  arc  steps  in  which  dehydration  and  condensation  take  place,  as  well  as  a  reduction  step, 
in  which  the  formation  of  the  phthalocyanine  molecule  is  completed.  The  mechanisms  differ  in  that,  in  the  first 
case  (3),  there  is  complete  dehydration  of  the  initial  phthalimide  \vith  subsequent  condensation  of  the  intermediate 
phthalonitrilc  to  phthalocyanine,  while  in  the  second  case  (4)  there  is  a  series  of  rf'Deated  condensation  and  dehy¬ 
dration  steps  in  a  definite  order,  the  process  starting  with  a  condensation  step.  The  catalytic  effects  on  the  process 
will  be  obvious  only  in  those  cases  where  they  arc  directed  toward  the  more  difficultly  effected  steps,  and  by  ob¬ 
serving  these,  it  is  possible  to  grasp  some  of  the  details  of  the  process  itself. 

It  is  well  kno\vn  that  the  formation  of  phthalocyanine  from  phthalonitrile  proceeds  very  readily  on  heating 
to  180*,  with  a  large  exothermic  effect  and  quantitative  yield  [5-7] ,  i.e.,  the  condensation  step  of  the  phthalo¬ 
nitrile,  including  the  final  reduction  step,  cannot  be  limited  in  process  (3)  under  our  experimental  conditions, 
and  it  will  not  reflect  catalytic  action.  On  the  other  hand,  it  is  well  known  [8]  that  the  phosphorus  and  molyb¬ 
denum  compounds  investigated  arc  good  catalysts  for  the  pol)Tncrization  and  condensation  of  unsaturated  com¬ 
pounds,  but  do  not  serve  as  catalysts  for  the  dehydration  of  carboxylic  acid  amides  (they  show  dehydrating  action 
only  in  the  case  of  alcohols).  The  dehydration  of  the  amides  of  fatty  and  fatty -aromatic  carboxylic  acids  is  canied 
out,  as  is  well  knotv-n  [9,  10],  on  silica  gel,  aluminum  oxide,  glass,  and  charcoal,  i.e.,  the  dehydration  catalysts 
under  our  experimental  conditions  would  most  liltely  be  the  walls  of  the  reaction  vessel.  Thus  the  activating  ac¬ 
tion  which  we  observed  from  small  additions  of  the  above-mentioned  complex  compounds  and  the  passivating 
action  of  phosphoric  acid,  ammonium  phosphate,  molybdenum  trioxide,  and  ammonium  molybdate  arc  apparently 
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Fig.  1.  Effect  of  small  additions  of  am- 
moninm  phosphomolybdate  (1),  phospho* 
molybdic  acid  (2).  molybdenum  trioxide 
(3),  ammonium  molybdate,  (4)  phosphoric 
acid  (5),  and  mono-ammonium  phosphate 
(6),  on  the  yields  of  Fe-phthalocyanine. 
The  units  of  the  abscissa  in  the  upper  part 
of  the  figure  arc  g- atoms  of  molybdenum, 
in  the  lower  part,  of  phosphorus  per  mole 
of  phthalamide. 


directed  toward  the  phthalamide  condensation  step  (forma¬ 
tion  of  new  C~N  bonds),  and  is  not  connected  with  the  dehy¬ 
dration  of  phthalamide  to  phthalonitrile. 

The  character  of  the  action  of  different  concentrations 
of  ammonium  phosphomolybdate  on  the  formation  of  (11)  from 
phthalimide  (1)  and  phthalamide  (2),  as  follows  from  Fig.  3, 
appears  to  be  analogous.  Consequently,  in  process  (1)  the 
catal)tic  action  of  the  complex  compounds  is  likewise  directed 
to  the  condensation  step  of  the  phthalamide  initially  produced, 
and  not  to  the  formation  of  phthalamide  from  phthalimide  and 
ammonia,  which  according  to  the  existing  data  [5],  proceeds 
very  readily  even  in  aqueous  solutions  of  ammonia. 

All  the  data  obtained  on  the  catalytic  action  of  com¬ 
pounds  of  phosphoric  acid  and  molybdenum  trioxide  are  found 
to  be  in  agreement  with  the  second  mechanism  (4)  for  the  for¬ 
mation  of  Fe-phthalocyanine  tlirough  the  polyancrization  of 
phthalamide.  The  first  mechanism  (scheme  3),  is  not  suppOTted 
by  the  results  of  the  present  investigation,  and  apparently  does 
not  take  place  at  all,  for  the  additional  reason  that  the  many- 
staged  course  of  the  process  (4),  with  a  gradual  transition  to 
more  and  more  condensed  and  deiiydrated  compounds,  is 
energetically  more  favorable  than  an  initial  exhaustive  dehy¬ 
dration  to  phthalonitrile,  as  in  mechanism  (3).  Testifying 
in  favor  of  this  idea  are  also  the  facts  of  the  difficult  course 
of  the  dehydration  reaction  of  phthalamide  to  phthalonitrile, 
and  the  ease  of  formation  of  addition  products  of  phthalonitrile 
with  various  substances.  The  latter  circumstance  was  even  used 
by  V.  F.  Borodkin  [11]  to  explain  the  formation  mechanism  of 
Na-  and  free  phthalocyanine  from  phthalonitrile  and  sodium 
alcoholate  in  benzene  solution  at  low  temperatures,  postulating 
a  stage  of  addition  products  of  phthalonitrile  with  the  alcoholates. 


All  the  phosphoric  acid  and  molybdenum  trioxide  com¬ 
pounds  investigated  in  the  present  work  have  more  or  less 
strongly  marked  acidic  properties,  and  consequently  are  able 
to  form  complexes  with  the  amide  groups  of  phthalamide. 
Apparently,  the  stability  of  these  complexes  is  in  some  measure 
equivalent  to  the  stability  of  the  analogous  ammonium  com¬ 
pounds  of  H3PO4  and  M0O3.  If  this  is  so,  then  on  the  basis  of 
the  literature  data  for  the  relative  stability  of  the  ammonium  compounds  mentioned  (see  table),  neglecting  any 
data  on  the  catalytic  nature  of  the  effects  of  the  additives,  we  can  conclude  that  the  passivating  effect  of  phos¬ 
phoric  acid,  mono- ammonium  phosphate,  molybdenum  trioxidc,  and  ammonium  pol>Tnolybdate,  when  added  in 
small  quantities,  is  due  to  the  formation  of  stable  complexes  with  phthalamide  or  its  condensation  products,  while 
the  activating  effect  of  phosphomolybdic  complex  compounds  is  due  to  the  formation  of  unstable  complexes  with 
the  reacting  substances,  or  at  any  rate  complexes  which  are  less  stable  than  in  the  preceding  case.  Taking  phos¬ 
phoric  acid  as  an  example  of  a  substance  that  has  strongly  marked  acidic  properties,  this  connection  stands  out 
quite  clearly.  As  follows  from  Fig.  2,  a  decrease  in  the  rate  of  formation  of  (II)  is  observed  which  is  proportional 
to  the  amount  of  material  added,  and  on  adding  one  mole  of  phosphoric  acid  to  one  mole  of  substance  (HI),  the 
reaction  is  completely  suppressed,  which  can  be  explained  solely  by  the  absorption  of  the  compound  (IIT)  originally 
present  into  a  stable  complex  with  the  acid.  The  cquimolocular  quantities  of  phthalamide  and  phosphoric  acid 
indicate  that  the  complex  with  (HI)  is  not  formed  from  the  original  orthophosphoric  acid,  but  from  the  pyrophos- 
phoric  acid,  into  which  it  is  converted  under  the  conditions  of  the  experiment. 
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Fig.  2.  Effect  of  large  additions  of  molybdenum  trioxide  (1), 
ammonium  molybdate  (2).  orthophosphoric  acid  (3),  and 
mono- ammonium  phosphate  (4),  on  the  yields  of  Fe-phthalo- 
cyanine.  The  quantity  of  catalyst  is  given  in  g- atoms  of 
molybdenum  or  phosphorus  per  mole  of  phthalamide. 


Fig.  3.  Effect  of  phosphomolybdic  complex  compounds  on 
the  yields  of  Fe-phthalocyaninc  in  reaction  (1)  (curve  3)  and 
reaction  (2)  (curves  1  and  2).  1  and  3)  Experiments  with 
additions  of  ammonium  phosphomolybdate;  2)  experiments 
with  additions  of  phosphomolybdic  acid.  Quantity  of  catalyst 
in  g- atoms  of  molybdenum  per  mole  of  phthalamide  or 
phthalimide. 

Thus,  the  tendency  of  the  observed  cataly'tic  additives  to  react  in  one  way  or  another  on  the  phthalamide 
condensation  process  can  be  related  to  their  ability  to  form  ammonia  derivatives  or  complexes  with  the  amide 
groups  of  phthalamide  and  its  condensation  products,  and  the  direction  in  which  they  act  can  be  related  to  the 
stability  of  the  catalytic  complexes  formed  between  the  additives  and  the  reacting  substances. 

EXPERIMENT  A  L 

The  experiments  were  carried  out  in  heat-resistant  glass  beakers  covered  with  cardboard  discs  to  reduce 
loss  of  sublimated  products  of  phthalic  acid.  A  carefully  pulverized  and  mixed  mixture  of  four  moles  of  phthal¬ 
imide  and  one  mole  of  iron  powder  was  prepared  ahead  of  time  in  sufficient  quantity  for  the  whole  investigation. 
In  the  same  way,  for  the  experiments  with  phthalimide,  a  mixture  of  four  moles  of  phthalimide,  one  mole  of 
iron,  and  6  moles  of  urea  was  prepared.  For  each  experiment,  a  quantity  of  reaction  mixture  was  taken  which 
contained  0.04  mole  of  the  original  phthalamide.  Before  the  experiment,  the  charge  of  powdered  catalyst  was 
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F^olativc  Stability  of  iiic  Ammonium  Compounds  of  Phosphoric  Acid  and  Molybdenum  Trioxide 


Name  and  formula 
of  compound 

Characteristics  of  the  limits  of  stability 
of  ammonium  compounds  from  literature  I 

data 

References 

Orthophosphoric  acid  H3PO4 

Uegins  to  lose  v/ater  on  heating  above  150*, 
going  over  into  H4P2O;.  Converted  to  H3PO3 
at  290°.  Forms  ammonium  salts  in  water 
solution. 

[12,  13) 

Tri- ammonium  phosphate 
(  NH4)3P04  •  3H2O 

In  air  and  in  boiling  aqueous  solutions  partly 
loses  Nil3  to  form  di-  and  mono- ammonium 
phosphate . 

[14] 

Di- ammonium  phosphate 
(NH4)2MP04 

Gradually  loses  NH3  in  air  to  form  mono¬ 
ammonium  phosphate. 

[15] 

Mono- ammonium  phosphate 
(NH4)H2P04* 

Stable  in  air.  Above  190*  partly  loses  NH3, 
forming  ammonium  pyrophosphate  and 
metaphosphate. 

[15] 

1 

Molybdcnuni  trioxide  M0O3* 

Forms  ammonium  molybdate  in  aqueous  solu¬ 
tions  ot  ammonia. 

[16] 

Molybdic  acid  H2M0O4 

Begins  to  lose  water  above  120*,  forming  M0O3. 
Forms  ammonium  polymolybdatc  in  aqueous 
ammonia. 

[17.  18] 

Normal  ammonium  molyb¬ 
date  (NIl4)2Mo04 

Decomposes  in  air,  with  loss  of  NH3,  forming 
polymolybdates. 

[19] 

Ammonium  polyanolyb- 
date  [(NIl4)20  *  XM0O3  * 
yHzO]  3(NHi)20* 

•  7M0O3  •  4H2O  • 

Above  150*  loses  water  and  part  of  NH3  giving 
forms  containing  less  ammonia.  Loses  NII3 
completely  only  above  450*.  Has  strong  acid 
properties. 

[19-21] 

Phosphomolybdic  acid 
IMPCMojO,)^]  *  24H20* 

Easily  decomposed,  losing  water  of  dehydration. 
Above  140",  decomposes  with  complete  loss  of 
water. 

[22,23] 

Ammonium  phosphomolyb- 
date  (NH4)3P04  •  I2M0O3  ’ 
6H20* 

Salt  unstable.  Dehydrates  at  room  temperature. 
Begins  to  lose  NH3  above  120*. 

[24,  25] 

*The  asterisk  designates  the  compounds  investigated  by  us,  and  the  formulas  assumed  in  the  work. 

This  choice  of  compounds  was  made  because  they  had  the  greatest  stability  under  our  experimental 
conditions. 

added  to  the  mixture.  Seven  experiments  were  carried  out  simultaneously.  The  beakers  containing  the  reactants 
were  fastened  in  a  special  holder,  and  heated  on  an  oil  bath  ^;ith  an  automatic  temperature  regulator  at  240  ±  3* 
for  two  hours.  The  reaction  mixture  was  stirred  regularly,  and  the  urea  was  added  in  small  portions  (0.12  mole 
per  experiment),  which,  decomposing  under  the  conditions  of  the  experiment,  provided  an  ammoniacal  medium, 
along  with  better  mixing  of  the  reactants. 

/NH2 

0=C<  +  M2O  -*  2NH3-f  CO2  (5) 

^NH2 
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At  the  end  of  die  reaction,  the  melt  obtained  v;as  subjected  to  a  special  technique  for  removing  the  un¬ 
reacted  materials  and  catalyst  from  the  Fe-pluhalocyanine  formed.  It  was  ground  up  and  heated  to  boiling  in 
a  10%  solution  of  caustic  soda,  then  in  a  10%  solution  of  hydrochloric  acid,  again  in  alkali,  and  so  on,  until  the 
wash  water  became  colorless.  According  to  the  data  in  the  literature  [26-28]  the  substance  (11)  is  chemically 
stable  and  insoluble  under  these  conditions.  Therefore  all  the  foreign  material  could  be  dissolved  out  [the  un¬ 
reacted  (HI)  and  the  other  phthalic  derivatives,  the  unreacted  iron  powder,  and  the  catalyst],  leaving  the  product 
of  the  reaction.  We  could  not  wash  with  alcohol  to  remove  the  phtlialic  acid  derivatives  and  dry  the  resulting 
product,  since  in  special  experiments  we  had  noted  an  appreciable  solubility  of  Fe-phthalocyanine  in  alcohols.* 
Therefore  the  washing  was  done  only  witli  aqueous  solutions  of  hydrochloric  acid  and  alkali  dissolved  in  water. 

The  preparations  obtained  were  dried  to  coastant  weight  in  a  desiccator  over  sulfuric  acid.  The  yields  of  substance 
(n)  were  calculated  from  the  amount  of  (HI)  used.  The  Fe-phthalocyaninc  (H)  was  obtained  in  the  form  of  a  crys¬ 
talline  powder  of  greenish- blue  or  dark  violet  color,  while  the  more  coarsely  crystalline  powders  had  a  deeper 
coloration. 

As  starting  materials  for  this  work  we  used  ready-made  reagents  of  quality  C.P.  and  A.  R.  The  mono- am¬ 
monium  phosphate  was  synthesized  as  described  in  [29].  The  phthalimide  was  prepared  from  phthalic  anhydride 
and  urea  [30],  and  had  m.p.  236*.  The  phthalamide  was  synthesized  from  phthalimide  and  aqueous  ammonia  [5], 
and  had  m.p.  220*.  The  melting  points  of  the  symthesized  materials  corresponded  with  the  data  in  the  literature. 

SUMMARY 

1.  The  addition  of  0.1  g-atom  of  molybdenum  or  phosphorus  in  the  form  of  orthophosphoric  acid,  mono¬ 
ammonium  phosphate,  molybdenum  trioxide,  or  ammonium  molybdate  reduces  the  rate  of  formation  of  Fe- 
phthalocyanine  from  phthalamide  and  iron.  On  the  other  hand .  the  addition  of  the  same  amount  of  a  complex 
compound  such  as  phosphomolybdic  acid  or  ammonium  phosphomolybdate  increases  the  reaction  rate.  Th-. 
catalytic  action  of  the  additives  is  exhibited  in  the  phthalamide  condensation  step  (formation  of  new  C~N  bonds). 

2.  There  is  a  relation  between  the  effect  of  the  additives  on  the  phthalamide  condensation  reaction  and  their 
ability  to  combine  and  split  out  ammonia  and  form  and  decompose  comple.xes  with  the  initial  phthalamide  and 

its  condensation  products.  The  activating  action  of  the  additives  is  observed  when  unstable  complexes  are  formed. 
When  stable  complexes  are  formed,  as  in  the  case  of  phosphoric  acid,  a  passivating  action  is  observed  right  up  to 
complete  stoppage  of  the  reaction,  on  adding  one  mole  of  acid  to  one  mole  of  phthalamide. 

3.  On  the  basis  of  the  experimental  data,  a  mechanism  Ls  proposed  for  the  fonoation  of  Fe-phthalocyanine 
from  phthalimide  and  iron,  consisting  of  a  multistagcd  condensation  polymerization  of  phthalamide. 
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In  previous  ccmmunications  [1-3]  the  orienting  effect  of  various  substituents  in  the  formation  of  salts  of 
a-  and  0 -monosubstituted  phenazine  has  been  considered.  The  effect  has  been  investigated  of  substituents 
(OCH3,  CH3,  Cl,  CgHs)  which  as  a  result  of  their  electron- donor  or  electron-acceptor  nature  increase  or  decrease 
the  basicity  of  one  of  the  centers  of  salt  formation  or  produce  steric  hindrances  to  the  addition  of  an  alkyl  on  the 
9  or  10  nitrogen  atom  next  to  the  substituent.  In  the  present  article  these  investigations  are  extended  to  the  0.0’- 
and  o ,  0 ’-disubstituted  phenazincs:  2-phenyI-6-mcthoxy-(I).  2-phenyl- 6-chloro-  (11),  l-phenyl-7-meihoxy-  (III), 
and  l-phcnyl-7-c!iIorophcnazine  (IV).  Each  of these  compounds  forms  binary  mixtures  with  dimethyl  sulfate  in 
which  there  are  two  isomeric  quaternary  salts  in  different  ratios. 


CHj  CH,S0Z 


CH3  CH3SO4 

R'  and  R  (respectively)  =  2-C6H5,  6-OCH3.  S-CgHg,  6-Cl;  l-CeHs.  7-OCH3;  l-CgHg,  7-Cl. 

The  quantitative  ratios  of  the  salts  in  the  mixtures  were  determined  from  spectrophotometric  data.  The 
method  and  the  procedures  relating  to  this  were  described  in  previous  articles  [4].  For  convenience  in  reporting, 
the  quaternary  salts  tvith  the  methyl  group  on  the  9  nitrogen  atom  will  henceforth  be  called  briefly  the  9-salts, 
and  the  salts  with  the  methyl  on  the  10  nitrogen  atom  will  be  called  the  10-salts. 

2- Phenyl-  6-metlioxyphenazinc .  Introduction  into  the  phenazine  ring  of  CgHs  or  OCH3  substituents  in  the 
2  or  6  position  shifts  the  absorption  spectrum  of  the  phenazine  toward  the  long  wavelengths  (Fig.  1).  A  pronounced 
shift  is  observed  in  the  case  where  these  groups  of  atoms  arc  simultaneously  present  in  the  phenazine  ring  and  are 
in  conjugation  with  tlie  nitrogen  atoms,  as  in  compound  (I),  Here  tlie  substituents  are  conjugated  not  only  with 
the  phenazine  ring,  but  also  with  each  other  tlirough  the  conjugated  bonds  of  die  phenazine  ring. 


•  45^  '  3^0  £50 

A  mjl 


Fig.  1.  Absoipt ion  spectra.  1)  plicnazinc;  2)  6-meihoxyphen- 
azine;  3)  2-phenylphenazine;  4)  2-plienyl- 6-methoxyphenazine 
(in  alcohol,  M). 


The  absorption  maxima  for  (I)  in  alcohol  lie  at  278,  366,  412,  and  421  m/j. 

It  has  been  shown  previously  [1]  that  the  Cglls  group  in  position  2,by  drawing  away  electrons  from  the 
9  nitrogen  atom, orients  the  salt  formation  to  the  10  nitrogen  atom  to  the  extent  of  68*1/.’,  and  in  b-methoxyohen- 
azine  the  metltoxyl  group  intensifies  the  electron  density  at  the  10  nitrogen  atom  conjttgated  with  it  and  orients 
the  addition  of  protoas  or  alkyl  groups  to  this  nitrogen  to  the  extent  of  85^/of5].  In  the  molecule  of  (I)  both  sub¬ 
stituents  show  a  concordant  orienting  effect  toward  salt  formation  at  the  10  nitrogen  atom.  The  quantitative 
proportions  of  the  9-  and  10-salts  of  2- phenyl- 6-methoxyphenazine  in  the  binary  mixture  were  determined  from 
the  optical  densities  at  397  and  407  mp.  The  9-salt  was  present  to  the  extent  of  28‘7<’and  the  10-salt  72%, 


In  dilute  sulfuric  acid  the  base  (I)  dissolves  with  the  formation  of  the  monoacid  salt,  the  ion  of  which  is 
orange.  The  appearance  in  the  solution  of  such  a  monosalt  is  associated  with  the  genesis  in  the  absorption  curve 
of  two  bands  with  maxima  at  393  and  475  mp  (Fig.  2,  curves  2  and  3).  These  bands  are  similar  to  the  bands  of 
2-phonyl-6-methoxy-10-mcthylphenazinium  perchlorate  (Fig.  2,  curve  6)  and  differ  from  the  absorption  bands 
of  the  second  isomeric  2-phenyl-6-methoxy-9-methylphenazinium  salt  (Fig.  2.  curve  5).  Consequently,  the 
monoacid  salt  of  (I)  is  produced  by  the  protonization  of  the  10  nitrogen  atom.  In  96%  acid  the  two  bands  of  the 
monoacid  salt  disappear,  and  instead  of  them  a  new  band  appears  in  the  absorption  curve  w'ith  a  maximum  at 
440  mp,  e  15,800  (Fig.  2,  curve  4).  It  corresponds  to  the  formation  in  solution  of  the  diacid  salt,  in  which  both 
the  9  and  10  nitrogen  atoms  arc  bonded  with  protons  of  the  acid.  Such  a  hand  with  a  maximum  at  442  mp  and 
e  14,600  appears  in  2-phcnyl-6-methoxy-10-methylphenazinium  methyl  sulfate  dissolved  in  concentrated  sulfuric 
acid,  which  protonizes  the  free  9  nitrogen  atom  (Fig.  2,  curve  7). 


2X 


Clh 


when  this  solution  is  carefully  diluted  with  alcohol,  alcoholysis  of  the  salt  occurs;  it  is  detected  by  a  change 
in  the  absorption  spectra  in  the  reverse  order  to  salt  formation. 
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Fig.  2.  Absorption  spectra.  1)  2-phenyl-6-methoxyphenazine  in 
alcohol;  2)  same  in  1.25'7o sulfuric  acid;  .T)  same  in  25%  acid; 

4)  same  in  9670  acid;  5)  2-phenyl-6-methoxy-9-methylphena- 
zinium  perchlorate  in  alcohol;  6)  2-phenyl-6-methoxy-10-methyl- 
phenazinium  perchlorate  in  alcohol;  7)  2-phcnyl-6-methoxy-10- 
metliylphenazinium  methyl  sulfate  in  967oacid  (c  5  X  10'®  M). 


Fig.  3.  Absorption  spectra.  1)  2-phenyl- 6-chloro-9-meihyl- 
phenazinium  perchlorate;  2)  2- phenyl- 6-chloro-lO-mcthyl- 
phenazinium  perchlorate;  3)  monoacid  2-phenyl-6-chloro- 
phenazinium  salt  (c  5  X  10'®  M). 

2- Phenyl- b-chlorophenazine.  The  formation  of  a  quaternary  salt  of  compound  (H)  is  an  example  of  the 
complex  orienting  effect  of  the  two  substituents,  one  of  which  (the  Cl  atom)  by  its  I-effect  draws  electrons  away 
from  both  nitrogen  atoms:  more  from  the  9  nitrogen  and  less  from  the  10,  with  which  the  substituent  is  conjugated. 
The  phenyl  group  draws  electrons  away  from  the  9  nitrogen  atom,  creating  in  this  way  a  relative  increase  in  the 
electron  density  at  the  10  nitrogen.  It  was  assumed  that  with  the  simultaneous  effect  of  these  substituents  the 
electron  density  at  the  10  nitrogen  atom  would  be  higher  than  at  the  9  nitrogen  atom,  and  accordingly  in  the  salt 
formation  the  yield  of  the  10- salt  would  be  greater  and  that  of  the  9- salt  less.  According  to  the  data  from  ten 
parallel  experiments,  however,  the  ratio  of  the  isomers  in  the  mixture  proved  to  be  the  reverse  of  that  expected, 
tliat  is,  70.57oof  the  9-salt  was  found  and  29.57oof  the  10-salt.  Similar  results  were  obtained  by  us  previously 
in  an  investigation  of  the  binary  mixtures  of  the  9-  and  10-oxides  of  2-phenyl- 6-chlorophenazine  [3].  Apparently 
both  of  these  cases  are  examples  of  very  complex  interaction  of  substituents  with  the  ;r -electron  system  of  the 
heterocycle,  as  a  result  of  which  the  electron  density  increases  in  the  ring  mainly  at  the  9  nitrogen  atom. 

In  dilute  acids  compound  (11)  dissolves  less  easily  than  compound  (I).  Thus,  compound  (H)  does  not  dissolve 
in  0.57'’ sulfuric  acid  nor  form  a  salt.  In  lOT^acid  the  base  dissolves  with  the  appearance  of  a  bright  yellow  color. 
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rip.  4.  Absorption  sixirtm.  3)  1  - plionyl- 7-cliloro* 
O-incthylplicna'/iniiun  pcrchlorato;  2)  1-plicnyl- 
7-cliloro-10-nictliylphonazinitim  perchlorate  (in 
alcohol,  c  5  X  lO'''*  M). 


which  is  due  to  the  ion  of  the  rnonoacid  salt.  Its  absorp¬ 
tion  curve  with  bands  at  278,  300  (inflection).  403,  and 
400  m;i  (Fig.  3,  curve  3)  is  similar  to  the  curve  for 
2-phcnyl-6-chloro-0-mcthylphenazinium  perchlorate 
(Fig.  3,  curve  1)  and  differs  from  the  ab.sorption  of  the 
isomeric  10-salt  (Fig.  3,  ctirve  2).  hi  40  and  SO^acid 
the  spectrum  of  the  salt  occupies  a  position  midway  be¬ 
tween  the  spectra  of  the  isomeric  quaternary  salts  of  (H), 
which  apparently  is  correlated  with  the  appearance  in  the 
solution  of  a  mixture  of  the  two  isomeric  monoacid  9- 
and  10-salts.  In  OG^/oacid  the  bands  of  the  monoacid  salts 
disappear  and  a  new  band  appears  in  the  spectrum  with  a 
maximum  at  433  mp.  It  belongs  to  tlie  diacid  salt.  Such 
a  spectrum  is  obtained  for  the  protonized  quaternary 
2-phenyl-6-chloro-10-methylplienazinium  salt  when  the 
latter  is  dissolved  in  concentrated  sulfuric  acid. 
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Fig.  5.  Absorption  spectra.  1)  Phenyl- 7- chlorophenazinc  in  alcohol; 

2-b)same  in  solutions  of  10,  30,  50,  and  9 G'lfo sulfuric  acid,  respectively; 

6)  l-phenyl-7-chloro-9-methylphenazinium  perchlorate  in  alcohol; 

7)  1- phenyl- 7-chloro-lO-tncthylphcnazinium  perchlorate  in  96% sul¬ 
furic  acid;  8)  l-phcnyl-7-chloro-lO-mcthylphazinium  perchlorate  in 
alcohol  (c  5  X  10" ®  M). 

1- Phenyl- 7- methoxyphenazinc.  It  has  been  showm  previously  that  tlie  OCH3  group  in  position  7  directs 
alkylation  to  tlie  9  nitrogen  atom  wliich  is  conjugated  with  it  [1];  the  phenyl  group  in  position  1,  however,  stcric- 
ally  hinders  this.  The  joint  orienting  effect  of  these  substituents  is  detected  from  the  absorption  spectra  of  the 
isomeric  quaternary  moiio-  and  diacid  salts  of  (III).  1- Phenyl- 7- methoxyphcnazire  with  dimethyl  sulfate  forms 
a  mixture  of  the  9-  and  10-salts.  Their  ratio  in  the  binary  mixture  was  determined  from  the  optical  densities 
at  262  and  277  mp.  We  found  8.4%  of  the  9-salt  and  Ol.G^fof  the  10-salt  (average  values  from  8  parallel  deter¬ 
minations).  Thus,  when  the  Ccllg  and  1X3113  substituents  in  position  1  and  7.  respectively,  act  jointly,  salt  forma¬ 
tion  occurs  predominantly  on  the  10  nitrogen  atom.  The  second  salt  is  formed  with  difficulty  because  of  steric 
hindrances. 

In  dilute  sulfuric  acid  compound  (III)  dissolves  to  form  the  monoacid  salt.  Li  the  absorption  curve  this 
already  can  be  noted  in  5%  acid;  the  maximum  of  tlie  band  at  370  m/i,  e  10,400  is  due  to  the  base,  and  the 
second  maximum  at  400  mp,  e  10,200  is  due  to  the  absorption  of  the  protonized  molecules  of  compound  (HI). 
With  an  increase  in  concentration  of  the  acid  this  maximum  gradually  is  shifted  up.  In  75%  acid  the  maximum 
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of  the  monoacid  salt  of  (III)  is  at  401  mp,  k  15,200.  The  curve  of  the  monoacid  salt  differs  in  form  and  loca¬ 
tion  of  the  maxima  of  the  absorption  bands  from  the  two  curves  of  the  isomeric  quaternary  salts  (the  9-salt  lias 
absorption  maxima  at  262,  380,  and  495  m(j  and  an  inflection  at  400  mp,  and  the  10-salt  has  maxima  at  250. 
278,  382.  and  494  mp  ).  Apparently  the  absorption  curve  of  the  monoacid  salt  characterizes  the  presence  of  both 
isomeric  acid  monosalts  with  a  probable  predominance  of  the  10- salt. 

In  concentrated  sulfuric  acid  the  salt  of  (III)  dissolves  with  the  appearance  of  an  intense  red  color,  which 
is  due  to  the  doubly  charged  ion 
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of  the  salt,  which  is  similar  in  absorption  to  the  curve  of  l-phenyl-7-methoxy-lO-methylphenazinium  perchlorate 
dissolved  in  concentrated  sulfuric  acid.  The  absorption  maxima  of  the  diacid  salt  lie  at  414  rnp,  e  12,800  and 
470  mp ,  e  10,000. 

1- Phenyl- 7-chlorophenazine •  In  compound  (IV)  both  substituents  draw  electrons  away  from  the  9  and  10 
nitrogen  atoms.  As  a  result  of  this  the  ability  of  compound  (IV)  to  form  salts  is  weakened;  the  isomeric  quaternary 
salts  are  formed  with  appreciably  more  difficulty  than  in  the  case  of  compound  (I)  or  (III).  Both  salts  were  pre¬ 
pared  individually  from  the  corresponding  quaternary  salts  of  the  9-  aiii  iO-oxides  of  (IV)  [6].  Their  spectra  are 
similar  with  respect  to  the  nature  of  the  absorption,  but  the  curve  for  the  9- salt  is  shifted  toward  the  long- wave 
region  relative  to  the  curve  for  the  10-salt  (Fig.  4).  The  9-salt  dissolves  more  readily  in  alcohol  and  water  than 
the  10- salt;  in  the  crystalline  form  they  are  indistinguishable.  It  has  been  established  previously  [5]  that  the  Cl 
atom  in  the  7  position  in  the  phenazine  ring  by  its  I-effect  orients  the  formation  of  the  isomeric  quaternary  salts 
with  respect  to  the  9  and  10  nitrogen  atoms  with  a  small  preponderance  in  the  direction  of  the  former  (5670  and 
447o,  respectively).  A  study  of  the  directing  effect  of  substituents  in  a-substituted  phenazincs  has  shown  that  a 
Cells  group  in  the  1  position  by  its  M-effect  draws  electrons  away  from  the  10  nitrogen  atom,  but  by  its  spatial 
position  creates  a  hindrance  to  the  formation  of  the  9- salt. 

In  order  to  determine  how  the  substituents  in  the  molecule  of  (IV)  jointly  orient  the  formation  of  the  salts, 
we  studied  the  individual  spectra  of  the  base  and  its  quaternary  and  simple  salts.  From  the  optical  densities  at 
wave  lengths  of  3.30  and  420  m^j  it  was  found  th.it  with  the  joint  action  of  the  substituents  mentioned  the  9-salt 
was  formed  to  the  extent  of  15.67* and  the  10-salt,84.47i.  Similar  results  were  obtained  in  an  investigation  of  the 
directing  effect  of  the  substituents  in  compound  (IV)  when  it  was  oxidized  to  its  9-  and  10-oxidcs.  The  small 
yield  of  the  9- salt  is  associated  with  the  steric  hindrances  created  by  the  phenyl  group  in  the  1-position. 

The  sequence  of  addition  of  protons  in  the  formation  of  the  simple  acid  9-  and  10- salts  was  established 
from  the  absorption  spectra  of  (IV)  in  sulfuric  acid  solutions  of  various  concentrations.  In  acids  from  0.5  to  7.57* 
compound  (IV)  docs  not  dissolve, and  salts  are  not  formed.  In  10  and  307*  acids  only  the  10-salt  is  formed,  the 
absorption  curve  of  which  has  a  maximum  at  389  mp  (Fig.  5,  curves  2,3)  and  is  similar  in  form  and  position  to 
the  spectral  curve  of  l-phcnyl-7-chloro-lO-methylphcnazinium  perchlorate  (Fig.  5.  curve  8)  in  alcohol  with  a 
maximum  at  392  m/i  and  differs  strongly  from  tlie  absorption  curve  of  1-phcnyl-7-chloro-9-methylphenazinium 
perchlorate  (Fig.  5,  curve  6)  in  alcohol  with  a  maximum  at  409  mp .  Consequently,  in  the  formation  of  the  mono¬ 
salt  the  substituents  C5H5  and  Cl  in  positions  1  and  7  orient  the  addition  of  protons  exclusively  or  predominantly  to 
the  10  nitrogen  atom.  The  second  salt  is  not  formed  at  all  or  is  formed  only  in  small  amount.  If  we  judge  from 
the  fact  that  at  a  higher  acid  concentration  the  absorption  curve  of  the  salt  (Fig.  5.  curves  4.5)  has  no  similarity 
to  curve  6,  which  depicts  the  absorption  of  the  9-salt,  it  may  be  considered  that  the  9  nitrogen  atom  begins  to  be 
protonized  only  when  all  of  the  base  has  been  converted  to  the  10-saIt.  Curve  4  represents  a  complex  absorption 
spectrum  in  which  the  absorption  of  the  monoacid  salt  (\tnax  '993  m/i)  is  superimposed  on  the  absorption  of  the 
diacid  9,10-salt  422  m/i).  In  90^o  acid  all  of  the  monosalt  goes  over  to  the  disalt  (curve  5)  with  a  max¬ 

imum  at  425  mp .  A  similar  curve  is  given  by  a  solution  of  l-phenyl-7-chloro-9-mcthylphenazinium  perchlorate 
in  concentrated  sulfuric  acid  (curve  7). 
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EXPERIMENTAL 

2-Phcnyl- (^Inofhoxyplhcnazmc,  ydlov.’  plates  with  in.p.  156*  (156*  [1]). 

2-PhenyI-6-cIilprr>phcnazinc.  Eighty  grams  of  p-nitrobiphenyl.  38  g  of  p-chloroaniline,  120  g  of  powdered 
KOH,  and  500  ml  of  bcnzxMic  were  boiled  for  20  hr,  with  stirring.  After  the  usual  treatment  of  the  reaction  product 
in  Wohl-Aue  synthesis  and  cliromatographing  them  from  benzene  on  aluminum  oxide,  1.42  g  (1.2*70)  of  2-phenyl- 
6-chlorophenazine  was  isolated  from  the  -Ord  zone  of  the  chromatogram  (counting  from  below).  Yellow  needles, 
which  did  not  fliiore.sce  under  a  quaitz  lamp.  M.p.  180*. 

Found  *7:  N  0.83,  9.86;  Cl  12.10,  11.91.  CigHjiNjCl.  Calculated  N  9.64;  Cl  12.22. 

From  the  ‘1th  zone  of  the  chromatogram  (which  fluoresced  brightly  under  the  quartz  lamp  with  a  yellow- 
orattge  glow) ‘1.8  g  (3.07'’)  of  the  10-oxide  of  2-phenyl-6  chlorophenazine  was  isolated.  Fine  yellow  needles, 
easily  electrified  by  friction.  M.p.  22/1°,  decomp.  temp.  228*. 

Found  7t  N  0.09.  0.17;  Cl  11.81,  11.66.  Cii,Il„ON2Cl.  Calculated  7-:  N  9.13;  Cl  11.58. 

l-Phenyl-7-clilorophenazine.  yellow  prisms  (from  o-xylenc),  m.p.  188*  (188*  [2]). 

1-  Phenyl- 7- methoxyphenazine,  light  yellow  needles  (from  alcohol)  with  m.p.  166*  (166*  [2]). 

2- Phenyl- 6-rncfhoxy-O-methylphonazinium  perchlorate  dark  yellow  needles  (from  aqueous  alcohol  1  ;  1) 
with  m.p.  165-167“  (1()6-167“  fl)).  decomp.  temp.  214*. 

2-Phenyl-6-m(;ti)oxy-10-tnethylphcnazinium  perchlorate,  reddish-brown  needles  with  m.p.  236-237*  (236* 


sulfate  of  1-phenyl- 7-methoxy-lO-methylphenazinium  9-oxide  in  377o yield.  Brown-red  needles  with  a  metallic 
luster.  M.p.  238*  (decomp.).  Crystallized  from  507<» alcohol. 

Found  7(1  N  6.98;  Cl  9.06.  9.08.  C2oHi705N2Cl.  Calculated  %  N  6.99;  Cl  8.86. 
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SUMMARY 


The  processes  of  formation  of  the  mono-  and  diacid  salts  of  2-phenyl-6-methoxy- ,  2-phenyl-6-chloro- , 
l-phenyl-7-methoxy-,  and  1- phenyl- 7-chlorophenazinc  have  been  studied  by  the  spectrophotometric  method  of 
analysis.  The  physical  and  chemical  properties  and  also  the  absorption  spectra  of  2-phenyl-6-methoxy-9-meth- 
yl-,  2-phenyl-6-methoxy-10-methyl,  2-phenyl-6-chloro-10-methyl-,  2-phenyl-6-chloro-9-methyl-,  2-phenyl- 
6-chloro-lO-methyl-,  l-phenyl-7-methoxy-9-methyl-,  l-phenyl-7-methoxy-lO-methyl-,  l-phenyl-7-chloro- 
9-methyl-,  and  l-phenyl-7-chloro-lO-methylphenazinium  perchlorates  have  been  investigated.  The  quantita¬ 
tive  ratios  in  the  binary  mixtures  of  the  quaternary  salts  that  are  formed  when  the  corresponding  bases  react  with 
dimethyl  sulfate  have  been  determined.  On  the  basis  of  the  data  obtained,  conclusions  have  been  drawn  about 
the  orienting  effect  of  the  substituents  in  2,  6-  and  1,  7-disubstituted  phenazines.  Cases  of  the  concordant  and  the 
nonconcordant  effect  of  two  orienting  groups  in  the  phenazine  ring  have  been  considered.  New  bases  and  quater¬ 
nary  salts  of  disubstituted  phenazines  have  been  prepared. 

LITERATURE  CITED 

1.  Yu.  S.  Rozum,  Zhur.  Obshchei  Khim.  1299  (1959). 

2.  Yu.  S.  Rozum,  Zhur.  Obshchei  Khim.  2046  (1959). 

3.  Yu.  S.  Rozum,  Zhur.  Obshchei  Khim.  2033  (1960). 

4.  Yu.  S.  Rozum  and  A.  I.  Kiprianov,  Zhur.  Obshchei  Khim.  1306  (1959). 

5.  Yu.  S.  Rozum,  Zhur.  Obshchei  Khim.  2631  (1960). 

6.  Yu.  S.  Rozum,  Zhur.  Obshchei  Khim.  1661  (1960). 


All  abbrcvi8ti'>ns  of  periodicals  in  the  above  biblioRraphy  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  Enfilish  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


3064 


INVESTIGATION  IN  THE  FIELD  OF  DERIVATIVES 
OF  ACYLACETIC  ESTERS  OF  THE  HETEROCYCLIC  SERIES 

11.  ARYLffiES  OF  a-  AND  B -rUROYLACETIC  ACIDS 
AND  THE  SYNTHESIS  FROM  THEM  OF  AZOMETHINE  DYES 

V.  E.  Kolchin  and  N.  S.  Vul'fson 

Translated  from  Zhumal  Obshchci  Khimii,  Vol.  30,  No.  9,  pp.  3091-3095, 
September,  19G0 

Original  article  submitted  August  3,  1959 


In  continuation  of  the  work  on  the  synthesis  and  study  of  the  arylidcs  of  furoylacetic  acids,  besides  the 
previously  described  o- ,  m-,  and  p-carboxyanilidcs  and  o-,  ni-,  and  p-anisidides,  we  have  prepared  the  unsub- 
stituted  anilides,  the  o-,  m-,  and  p-chloroanilides,  and  the  o-,  m-,  and  p-nitroanilides  of  a-  and  0  -  furoylacetic 
acids. 


The  arylidcs  of  the  furoylacetic  acids  were  prepared  by  tile  usual  method  of  healing  the  corresponding 
furoylacetic  ester  with  the  aromatic  amine  in  a  solvent.  The  arylides  obtained  were  colorless  or  pale  yellow 
crystals,  soluble  in  alcohol,  acetone,  and  dioxane,  and  giving  a  greenish-brown  color  with  FeCls-  The  yields 
and  properties  of  the  arylides  of  a-  and  0 -furoylacetic  acids  arc  given  in  Table  1. 

From  the  spcctrophotometric  data  presented  in  the  table  it  is  seen  that  the  introduction  of  a  methoxy, 
chloro,  nitro,  or  carboxy  group  into  the  benzene  ring  of  an  arylide  of  a- furoylacetic  acid  as  a  rule  causes  only 
a  slight  hypsochromic  shift  of  the  absorption  maximum;  the  introduction  of  the  substituents  mentioned  into  the 
benzene  ring  of  an  arylide  of  0 -furoylacetic  acid  caused  a  slight  bathochromic  shift.  The  introduction  of  sub¬ 
stituents  into  the  benzene  ring  of  0 -furoylacetanilide  causes  an  increase  in  tl'.e  intensity  of  absorption,  while  for 
similar  substituted  a-furoylacetanilides  there  is  no  duitinct  rule  observed  in  this  respect.  Comparison  of  the 
absorption  spectra  of  the  arylidcs  of  a- furoylacetic  acid  with  the  corresponding  arylidcs  of  0  -  furoylacetic  acid 
shov/s  that  the  latter  as  a  rule  have  a  less  intense  absorption  and  their  absorption  maximum  is  shifted  by  several 
millimicrons  toward  the  short-wave  region  of  the  spectrum.  It  should  be  noted  that  the  p-nitroanilides  of  a- 
and  0 -furoylacetic  acids  have  3  absorption  maxima  each,  but  the  m-  and  o-nitroanilidcs  of  a- furoylacetic 
acid  have  2  absorption  maxima  each  with  approximately  the  same  extinctions. 

When  the  arylidcs  of  a-  and  0 -furoylacetic  acids  reacted  v.'iih  diethyl- p-phcnylcncdiaminc  under  the  con¬ 
ditions  of  oxidative  condensation  in  the  presence  of  silver  chloride  [2],  a  series  of  yellow  azomethine  dyes  was 
obtained.  The  dyes  were  purified  chromatographically  on  aluminum  oxide  and  were  recrystallized  from  alcohol. 
The  low  yield  of  the  azomethine  derivatives  of  the  arylidcs  of  0 -furoylacetic  acid  in  comparison  with  the  azo¬ 
methine  derivatives  of  the  a-serics  was  due  to  the  lower  chemical  activity  of  the  0  -derivatives  of  furan  and  the 
consequent  occurrence  in  the  oxidative  condensation  process  of  a  number  of  side  reactions  leading  to  the  formation 
of  tarry  products.  The  yields  and  properties  of  the  azomethine  dyes  that  were  obtained  arc  given  in  Table  2. 

Comparison  of  the  spcctrophotometric  data  for  the  azomethine  derivatives  of  the  unsubstituted  anilides 
of  a-  and  0 -furoylacetic  acids  with  those  for  the  azomethine  derivatives  of  the  nitro-,  methoxy-,  and  chloro- 
anilides  of  a  -  and  0  -  furoylacetic  acids  shows  that  the  introduction  of  chlorine  and  the  methoxy  group  shifts 
the  absorption  maximum  only  slightly  toward  the  long-wave  region  of  the  spectrum.  For  the  azomethine  deriva¬ 
tives  containing  a  nitro  group  in  the  benzene  ring  of  the  anilide,  a  stronger  bathochromic  shift  is  characteristic. 
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a)  C13HUO3N.  Calculated  C  68.11;  H  4.84;  N  6.11. 

b)  C13H10O3NCI.  Calculated  I0:  C  59.2;  H  3.81;  N  5.31. 

c)  C13H10O5N2.  Calculated  %  C  56.9;  H  3.67;  N  10.2. 

d)  Synthesis  described  in  [1]. 
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TABLE  2 


Azomethine  Dyes 
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a)  C23H23O3N3.  Calculated  °Jo-.  N  10.79. 

b)  C23H2203N3C1.  Calculated  N  9.91. 

c)  C23l!2205N4.  Calculated  N  12.89. 

d)  C24H2SO4N3.  Calculated  N  10.02. 


It  should  be  noted  that  for  the  azomethine  derivatives  of  the  arylides  of  6 -furoylacetic  acid,  independent  of  the 
position  of  the  substituent  in  the  benzene  ring  of  the  arylide,  the  absorption  maximum  is  shifted  toward  the  long¬ 
wave  region  of  the  spectrum  somewhat  more  than  for  the  azomethine  derivatives  of  the  arylides  of  a- furoylacetic 
acid. 

The  ultraviolet  absorption  spectra  of  the  arylides  of  the  furoylacetic  acids  were  obtained  with  an  SF-4  spec¬ 
trophotometer  on  alcoholic  solutions  at  a  concentration  of  0.5  x  10"^  M  with,  a  cell  length  of  1  cm.  The  ab¬ 
sorption  spectra  of  the  yellow  azomethine  dyes  were  obtained  with  an  SF-2  spectrophotometer  at  a  concentration 
of  0.76  X  10’®  M. 

The  spectrophotometric  determinations  were  made  by  O.  V.  Glazunova,  to  whom  the  authors  express  their 
deep  appreciation. 


EXPERIMENTAL 

o-Chloroanilide  of  a- furoylacetic  acid.  Two  and  eighty- two  hundredths  grams  (0.015  mole)  of  a- furoyl¬ 
acetic  acid,  1.9  g  (0.015  mole)  of  o-chloroaniline,  and  30  ml  of  xylene  were  heated  for  10-15  min  to  145*  and 
20  ml  of  tile  solvent  was  distilled  off,  with  stirring,  then  the  mixture  was  cooled  to  90-100*  and  another  8  ml 
of  the  solvent  was  distilled  off  in  vacuum.  The  residue  was  washed  with  ether  and  recrystallized  from  alcohol, 
and  the  o-chloroanilide  of  a- furoylacetic  acid  was  obtained. 

Under  similar  conditions  the  arylides  of  a-  and  6  -  furoylacetic  acids  shown  in  Table  1  were  prepared. 

Azomethine  dye  from  o-chloroanilide  of  a- furoylacetic  acid  [o-chloroanilide  of  B*-(p-diethylaminoanil)- 
a- furoylacetic  acid].  To  1.16  g  of  NaCl  in  14  ml  of  water  was  added,  with  stirring,  a  solution  of  3.06  g  of 
AgN03  in  14  ml  of  water.  To  the  suspension  of  AgCl  that  was  obtained  were  added  a  solution  of  1.4  g  of  Na2C03 
in  7  ml  of  water  and  a  solution  of  0.526  g  (0.02  mole)  of  the  o-chloroanilide  of  a- furoylacetic  acid.  A  solution 
of  0.58  g  (0.002  mole)  of  diethyl- p-phcnylenediamine  sulfate  in  14  ml  of  water  was  added,  with  stirring,  to  the 
reaction  mixture  over  the  course  of  10-15  min.  and  the  resulting  mixture  was  stirred  for  1  hr.  The  precipitate 
was  filtered  off,  dried  at  50-60*,  chromatographed  on  aluminum  oxide,  and  crystallized  from  alcohol. 

Under  similar  conditions  the  other  dyes,  the  properties  of  which  are  shown  in  Table  2,  were  synthesized. 

SUMMARY 

1.  By  the  reaction  of  a-  and  6 -furoylacetyl  esters  with  aniline,  o-,  m-,  and  p-chloroaniline,  and  o-,  m-, 
and  p-nitroaniline  the  corresponding  arylides  were  synthesized  and  the  ultraviolet  absorption  spectra  of  the  last- 
named  compounds  were  studied. 

2.  By  the  reaction  of  the  appropriate  arylides  of  a-  and  6  -  furoylacetic  acids  with  diethyl-p-phenylenedi- 
amine  under  conditions  of  oxidative  condensation  yellow  azomethine  dyes  were  synthesized  and  their  absorption 
spectra  were  studied. 
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SYNTHESES  IN  THE  PHENOTHIA  Z INE  SERIES 
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In  a  previous  paper  [1]  we  have  described  a  method  for  the  preparation  of  lO-methyl-3-aminophenothiazine 
as  a  starting  material  for  the  synthesis  of  possible  pharmaceutically  active  agents.  The  present  communication 
relates  to  the  synthesis  of  lO-methyl-3-diaikylaminoacylamido-  and  lO-methyl-3-dialkylaminoalkylaminophen- 
othiazincs. 

Attempts  to  directly  alkylate  the  amino  group  of  lO-methyl-3-aminophenothiazine  by  various  methods 
were  not  successful.  The  follow'ing  methods  were  tried:  a)  boiling  the  base  or  the  amine  hydrochloride  with 
dialkylaminoalkyl  chlorides  and  alkali  in  toluene  while  distilling  off  the  water  that  was  formed;  b)  heating  the 
amine  base  with  dialkylammoalkyl  chlorides  in  dichloroethane  in  a  bomb;  c)  heating  hydrochlorides  of  the  base 
and  an  aminochloride  in  llie  presence  of  copper  powder.  Furthermore,  reaction  of  the  amine  and  chlorobromo- 
propanc,  or  of  the  amine  and  methyl  alcohol  in  the  presence  of  Raney  nickel,  or  the  methylation  of  the  amine 
with  formaldehyde  in  the  presence  of  formic  acid  did  not  lead  to  the  desired  result.  On  the  other  hand,  the  fol¬ 
lowing  method  proved  to  be  very  effective.  The  amine  was  acylated  with  chloioacetyl  chloride  or  0-chloro- 
propionyl  chloride.  The  10-methyl-3-chloroacylamidophenothi3zines  obtained  in  a  similar  manner  to  that  used 
in  the  preparation  of  the  lO-dialkylaminoacylphcnothiazines  [2-5]  were  treated  with  secondary  amines.  The 
lO-methyl-3-dialkylaminoacylamidophcnothiazines  produced  were  reduced  with  lithium  aluminum  hydride  with 
the  formation  of  the  expected  10- methyl- 3-dialkylaminoalkylaminophenothiazines.  The  reactions  mentioned 
are  illustrated  by  the  following  diagram: 
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n  =  1  or  2;  m  =  n  4  1;  NR2  =  N(CH3)2,  N  (0,115)2.  NC5H10  (piperidine).  NQHgO  (morpholine),  or  NC4H8NCH2CH2OH 
(N-0  -hydroxyethylpiperazyl). 

As  was  shown  by  preliminary  experiments  carried  out  under  the  direction  of  V.  V.  Zakusov,  the  compounds 
synthesized  by  us.  like  the  previously  known  10-dialkylaminoalkylphenothiazines  and  their  derivatives  substituted 
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•Base“m.p.  12-13' 


TABLE  2 

10  •  Me  thy  1-  3  -  dialkylam  inoalkylam  inophe  nothiaz  ine  Hydrochloride  s 


in  the  2- position  [6-15],  possess  antihistamine,  cholino- 
lytic,  and  spasmolytic  activity,  but  differ  from  them  in 
their  clearly  revealed  ability  to  elicit  tremors. 
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EXPERIMENTAL  * 

10-Methyl- 3- chloroacetamidophenothiazine. 

In  a  round- bottomed  flask,  fitted  with  a  reflux  condenser 
with  a  ground  glass  connection  and  protected  from  mois¬ 
ture  by  a  calcium  chloride  tube,  10.4  g  of  10-methyl- 
3-aminophenothiazinc  hydrochloride  and  6.4  g  of  chloro- 
acetyl  chloride  were  added  to  70  ml  of  dry  toluene;  the 
mixture  was  heated  to  boiling  and  refluxed  for  2  hr. 

Upon  heating  and  during  the  first  part  of  the  boiling 
period,  gaseous  hydrogen  chloride  was  evolved  and  the 
color  changed  from  bluish  gray  to  brown-red.  On  cool¬ 
ing.  a  white  crystalline  material  with  a  greenish  tint, 
with  m.p.  191-192.5“,  separated  from  the  solution. 

Found  °Io:  C  60.99.  60.52;  H  4.42,  4.57;  N  9.53. 

9.61;  Cl  12.23.  12.10.  C15H13ON2SCI.  Calculated  % 

C  59.11;  H  4.30;  N  9.19;  Cl  11.63. 

10-  Me  thyl-  3-(6-  chloropropionamido)phenothiazine . 

In  a  manner  similar  to  the  preceding,  starting  with  S  • 
chloropropionyl  chloride,  a  compound  with  m.p.  189- 
189.5*  (from  alcohol)  was  obtained. 

Found  %  C  59.81.  59.95;  H  5.00,  5.00;  N  8.40, 

8.61;  Cl  11.39,  11.41.  CigHisONgSCl.  Calculated 
C  60.27;  H  4.74;  N  8.79;  Cl  11.12. 

lO-Methyl-3-dimcthvlaminoacetamidophenothiazine. 
Six  and  one -tenth  grams  of  10- methyl- 3- chloroacetamido¬ 
phenothiazine,  13.4  g  of  20*^0  solution  of  dimethylamine 
in  anhydrous  alcohol,  and  30  ml  of  dried  benzene  were 
heated  in  a  hermetically  sealed  glass  tube  for  10  lir  on 
a  boiling  water  bath.  On  cooling,  the  solvents  were 
distilled  off  from  the  solution  that  was  obtained  under 
vacuum  from  a  water  pump  toward  the  end.  The  re-  . 
maining  viscous  mass  was  washed  twice  with  water,  each 
time  with  warming  to  ~  50“ ,  the  residue  was  dissolved  in 
ether,  the  ether  solution  was  dried  with  calcined  magne¬ 
sium  sulfate  and  filtered,  and  a  stream  of  dry  hydrogen 
chloride  was  passed  tlirough  the  filtrate  to  saturation. 

The  hydrochloride  precipitated  and  after  purification 
with  carbon  in  alcohol  solution  it  was  separated  by  the 
addition  of  ether,  as  a  white  crystalline  precipitate; 
m.p.  251-252“. 

Found  ^0:  C  58.64.  58.61;  H  5.74,  6.06;  N  11.47. 
11.61;  Cl  9.68.  9.75.  C17H20N3SCI.  Calculated  C 
58.35;  H  5.76;  N  12.03;  Cl  10.13. 

u  _ _ 

2  ‘When  the  present  paper  had  been  prepared  for  printing, 

S  a  communication  [16]  was  received  on  the  synthesis  of 
*  some  10-ethyl-3-dialkylaminoacylamido-5,5-dioxophen- 
othiazines  by  a  method  close  to  that  which  we  had  used. 


when  a  part  of  the  ether  solution  of  the  base  was  evaporated  to  dryness,  the  base  was  obtained,  which  after 
crystallization  from  aqueous  alcohol  had  the  m.p.  112-11.3*. 

In  a  similar  manner  to  the  preceding  (in  benzene  or  toluene  medium)  we  prepared  the  lO-methyl-S-dialkyl- 
aminoacylamidophenothiazines  for  which  data  arc  given  in  Table  1. 

lO-Methylphcnothiazinyl-3-amidc  of  salicylic  acid.  0.3  g  of  the  base  lO-methyl-3-aminophenothiazine 
was  dissolved  in  13  ml  of  dry  dichlorocthanc  and  0.2  g  of  salicylyl  chloride  was  added.  An  orange  precipitate 
immediately  separated  out.  It  was  filtered  off  with  suction  and  dried.  Yield  0.25  g.  After  two  recrystallizations 
from  alcohol,  a  compound  was  obtained  with  m.p.  204*. 

Found  C  68.81;  H  5.05;  N  8.49.  8.35.  CzoHigOzNjS.  Calculated  C  68.94;  H  4.63;  N  8.04. 

10-Methylphenothiazinyl- 3-amide  of  chtomone- 2- carboxylic  acid.  In  a  similar  manner.  3.1  g  of  a  com¬ 
pound  with  m.p.  244“  was  prepared  from  2.3  g  of  the  base  lO-methyl-3-aminophenothiazine  and  2.2  g  of  chromone 
2-carboxylic  acid  chloride  [13]  in  55  ml  of  dichloroethane-  After  recrystallization  from  500  ml  of  dichloroe thane, 
the  melting  point  of  the  compound  was  260-261*. 

Found  C  69.24.  69.20;  H  4.16,  4.38;  N  6.54.  6.56.  C23H16O3N2S.  Calculated  C  68.99;  H  4.03;  N  6.99. 

10-Methyl-3-[(2’-dimethviamino)ethylamino]phenothiazine  hydrochloride.  In  a  750  ml  three-necked  flask 
with  a  mechanical  stirrer  equipped  with  a  ground  joint,  a  reflux  condenser  fitted  with  a  calcium  chloride  tube, 
and  a  dropping  funnel  was  placed  3.4  g  of  lithium  hydride  in  50  ml  of  absolute  ether.  In  a  dry  250-300  ml  round- 
bottomed  flask  was  placed  80-100  ml  of  absolute  ether;  28  g  of  aluminum  bromide  was  weighed  out  (quickly’.)  in 
a  small  bottle  with  a  ground  stopper  and  was  dissolved  in  small  fragments  in  the  prepared  ether,  while  the  flask 
was  cooled  all  the  time  with  a  mixture  of  acetone  and  solid  carbon  dioxide.  When  all  the  AlBr3  had  dissolved, 
the  solution  was  gradually  added,  with  stirring,  to  the  solution  of  lithium  hydride,  with  care  not  to  allow  too 
vigorous  boiling  of  this  solution  as  a  result  of  the  exothermic  reaction.  When  the  addition  of  the  AlBt3  was  com¬ 
pleted  and  the  boiling  had  ceased,  the  mixture  was  refluxed  for  4  hr  by  heating  on  an  electric  hot  plate  with  a 
hermetically  scaled  heating  coil.  Upon  cooling,  5.7  g  of  the  base  lO-methyl-3-dimethylaminoacetamidopheno- 
thiazine  was  gradually  added.  This  reaction  also  proceeded  with  the  evolution  of  heat.  When  the  amide  had 
been  added,  the  mixture  was  boiled  for  2  hr.  The  cooled  reaction  mixture  was  decomposed,  with  external  cool¬ 
ing.  by  the  addition  of  ~  100  ml  of  40%  sodium  hydroxide  and  extracted  repeatedly  with  ether  (about  1  liter  in 
all)  with  the  addition  of  a  few  milliliters  of  alcohol;  the  ether  layei  was  dried  with  calcined  potassium  carbonate. 
After  the  solvent  had  been  distilled  off  (under  vacuum  from  a  water  pump  toward  the  end),  the  viscous  residue 
crystallized  upon  trituration  with  ether  and  had  the  m.p,  61-65*.  Yield  3.1  g.  It  was  dissolved  in  ether  and  the 
hydrochloride  was  precipitated  by  passing  through  dry  hydrogen  chloride;  the  hydrochloride  after  recrystallization 
from  alcohol  had  the  m.p,  201-202*. 

Found  %;  C  60.72.  60.65;  H  6.86,  7.13;  Cl  10.55.  10.75.  C17H22N3SCI.  Calculated  %:  C  60.78;  H  6.60; 

Cl  10.55. 

In  a  similar  manner  we  prepared  the  lO-methyl-3-dialkylaminoalkylaminophenothiazine  hydrochlorides 
for  which  data  are  given  in  Table  2. 


SUMMARY 

1.  lO-Methyl-3-chloroacetamidophcnothiazine  and  lO-methyl-3-6 -chloropropionamidophenothiazine 
Were  synthesized  by  the  reaction  of  lO-methyl-3-aminophenothiazine  w'ith  the  chloroacyl  chlorides. 

2.  A  number  of  lO-methyl-3-dialkylamino-  and  heteroylacylamidophenothiazines  were  prepared  by  the 
reaction  of  lO-methyl-3-chlotoacylamidophcnothiazincs  with  secondary  amines. 

3.  By  the  reduction  of  the  compounds  whose  preparation  is  given  with  lithium  hydride,  a  number  of  10- 
methyl- 3- dialkylaminoalkylaminophcnothiazines  and  heteroylalkylaminophenothiazines  were  synthesized. 
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We  have  previously  found  [1]  that  when  thionyl  chloride  acts  on  chromonecarboxylic-2  acid  or  its  acid 
chloride  with  subsequent  treatment  with  water,  a  chlorine -containing  compound  is  obtained,  the  structure  of 
which  as  4-chlorocoumarin  was  established  with  certainty  somewhat  later  [2].  In  the  same  work  we  suggested 
a  mechanism  for  this  unusual  conversion  of  the  y  -  benzopyrone  system  to  the  a-benzopyrone- 


On  the  basis  of  the  results  of  the  present  investigation  it  was  possible  to  draw  more  definite  conclusions 
concerning  the  principal  stages  of  this  conversion.  First  of  all  it  was  established  that  thionyl  chloride  here  is  not 
the  only  specific  reagent.  A  similar  effect  is  exerted  by  phosphorus  pentachloride,  phosphorus  oxychloride,  and 
aluminum  chloride;  the  latter,  truthfully,  to  a  very  slight  extent. 


We  .succeeded  in  isolating  in  analytically  pure  condition  an  intermediate  product  of  the  reaction  with  the 
composition  Cion502Cl3.  as  well-formed  crystals.  We  assign  to  this  compound  the  structure  of  4.4-dichlorochromene 
carboxylic- 2  acid  chloride  (I). 
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The  shift  of  the  carbonyl  oxygen  atom  in  the  y-p^Toncs  is  not  unexpected.  A  similar  shift  has  been  ac¬ 
complished,  for  example,  in  8-mcthylflavonc  with  the  aid  of  oxalyl  chloride  and  in  the  case  of  2,6-diphenyl- 
pyrone-4  by  the  action  of  thionyl  chloride  [3]. 

The  trichloride  (I)  when  treated  with  water  went  over  to  4-chlorocoumarin  in  ~  OO'^o  yield.  About  S'vfof 
choromonecarboxylic-2  acid  was  obtained  as  a  by-product.  At  the  same  time,  carbon  monoxide  was  given  off 
in  equimolar  quantity  to  the  4-chlorocoumarin.  It  is  most  likely  that  the  cliromonccarboxylic-2  acid  appeared 
in  the  reaction  products  as  a  result  of  complete  hydrolytic  cleavage  of  all  t!ic  halogen  atoms  in  compound  (I) 
without  any  basic  change  in  the  skeleton  of  the  molecule. 
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It  would  be  very  interesting  to  find  conditions  for  the  decomposition  of  the  trichloride  (I)  by  water  under 
which  the  ratio  of  the  reaction  products  would  be  essentially  different.  We  have  not  yet  been  able  to  accomplish 
this,  however.  Nevcrthele.ss,  decomposition  of  the  trichloride  (I)  by  anhydrous  ethyl  or  n-butyl  alcohol  proved  to 
be  very  indicative:  the  main  products  of  the  reaction  were  the  corresponding  esters  of  chromonecarboxylic*2  acid 
(80  and  Ib^oy,  a  smaller  fiaction  of  the  tiichloride  v;as  converted,  with  the  loss  of  carbon  monoxide,  to  4-chloro- 
coumarin  (14  and  7.8*7o). 

Tliese  experiments  confirm  the  assumption  of  the  ability  of  the  trichloride  (I)  to  react  with  such  nucleo¬ 
philic  reagents  as  water  and  alcohols  by  two  routes:  1)  the  formation  of  4-chlorocouiuarin,  which  is  accompanied 
by  decarbonylation.  and  2)  via  the  hydrolytic  cleavage  of  an  atom  of  chloride  with  regeneration  of  the  starting 
chromonccarboxylic  acid. 

Of  course  the  exact  mechanism  of  decomposition  of  the  trichloride  by  these  two  routes  can  be  discovered 
only  after  sufficient  experimental  information  has  been  accumulated.  It  is  possible  that  the  trichloride  (I)  exists 
in  a  tautomeric  relationsliip  with  the  isomer  (la),  and  that  one  of  the  compounds,  for  example,  (I), is  converted 
by  water  or  alcohol  to  the  chromonccarboxylic  acid  or  its  ester,  and  the  second  tautomer  under  these  conditions 
yields  the  4-chlorocoumarin.  It  also  is  not  impossible  that  the  whole  complex  of  these  reactions  takes  place  only 
with  compound  (I)  or  with  its  isomer  (la). 


EXPERIMENTAL 

Trichloride  (I).  All  of  the  operations  in  the  preparation  of  the  trichloride  were  carried  out  under  protection 
from  the  moisiun  of  the  air.  Nineteen  grams  of  chrotnonccarboxylic-2  acid  and  100  ml  of  SOCI2  were  boiled  for 
18  hr,  the  SOClj  was  distilled  off  in  vacuum,  30  ml  of  petroleum  ether  (and  several  more  drops  of  SOCI2)  was 
added,  and  the  filtered  solution  was  left  for  24  hr  in  a  refrigerator.  The  crystals  that  precipitated  were  filtered 
off,  washed  with  petroleum  ether  (with  a  small  amount  of  SCXII2).  again  crystallized  from  the  same  solvent,  and 
dried  over  P2O5  and  KOH.  Yield  14.7  g  of  the  trichloride  (I),  m.p.  53-60*.* 

Feund  %:  C  45.60,  45.78;  H  1.93,  1.97;  Cl  40.26,  40.45.  C10H5O2CI3.  Calculated  %:  C  45.58;  H  1.91; 

Cl  40.37. 

The  trichloride  formed  slightly  yellow  crystals,  moderately  soluble  in  cold  petroleum  ether,  readily  soluble 
in  benzene,  diclilorocthanc  and  dioxane-  From  the  mother  liquors  and  the  w'ash  solutions  another  5.5  g  was  isolated. 
Total  yield  of  the  compound  was  20.2  g  (76.7%).  Decomposition  of  the  very  last  of  the  mother  liquors  with  water 
yielded  1.4  g  of  4-chlorocoumarin. 

One  and  nine- tenths  j;rams  of  chromonccarboxylic- 2  acid.  4.4  g  of  PCI5,  and  5  ml  of  PCXls  were  heated 
at  ~  100*  for  16  hr.  The  mixture  was  poured  onto  ice  and  in  the  usual  way  1.7  g  (94%)  of  4-chlorocoumarinwith 
m.p.  90-92"  and  0.05  g  (2.6%)  of  chromonccarboxylic  acid  were  isolated. 

When  the  reaction  was  carried  out  with  only  phosphorus  oxychloride  (7  ml),  1.33  g  of  red  4-chlorocoumarin 
was  obtained. 

a)  Reaction  of  the  trichloride  (I)  with  water.  Two  and  seven- hundrcdtlis  grams  of  the  trichloride  (1)  was 
decomposed  with  water.  By  the  usual  method  [1,  2]  1.3  g  (91.5%)  of  4-chlorocoumarin  and  0.12  g  (8%)  of 
chromonccarboxylic -2  acid  were  obtained.  Thiny-three  hundredtbis  of  a  gram  of  the  trichloride  was  decomposed 
with  25  ml  of  water  in  an  apparatus  with  a  gasometer  tube  separated  from  the  reactor  by  a  wash  bottle  with  40% 
NaOH.  There  was  24.8  ml  of  CO  given  off,  i.e.,  88%  of  theoretical.  From  the  reaction  mixture  0.20  g  of  4-chloro¬ 
coumarin  (87%)  was  obtained.  The  carbon  monoxide  was  identified  by  reaction  with  PdCl2  and  by  the  usual 
tests  for  the  formation  of  carboxyhcmoglobin.  When  0.43  g  of  the  trichloride  (1)  was  decomposed  by  20  ml  of 

2  N  NaOH,  33.3  nil  (91%)  of  carbon  monoxide  was  given  off.  Decomposition  by  water  or  2  N  alkali  of  the  tri 
chloride  dissolved  in  dioxane  led  to  about  the  same  results. 

b)  Decomposition  of  the  trichloride  by  alcoliols.  Two  and  one-tenth  grams  of  the  compound  were  decom¬ 
posed  with  30  ml  of  freshly  prepared  anhydrous  alcohol  (evolution  of  heat).  After  24  lir  the  alcohol  was  distilled 
off  in  vacuum,  and  the  residue  was  heated  with  50  ml  of  petroleum  ether.  The  cr)'stals  that  precipitated  upon 

•  It  is  possible  that  the  reason  for  this  unsharp  melting  point  was  tautomerization  caused  by  heating. 
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cooling  were  filtered  off.  By  recrystallization  from  petroleum  ether.  1.18  g  (Gl.S^p)  of  the  ethyl  ester  of  chromonc- 
carboxylic-2  acid  was  obtained  with  m.p.  72.5-73.5“;  according  to  the  data  in  [4];  m.p.  71-72*.  A  sample  mixed 
with  a  known  specimen  of  the  compound  (m.p.  74-75“)  gave  no  depression  in  melting  point.  From  the  mother 
liquors,  after  removal  of  the  solvent  and  heating  of  the  residue  (4  hr)  with  a  mixture  of  acetic  and  concentrated 
hydrochloric  acids  (10  ml  each).  0.2  g  (14*70)  of  4-chlorocoumarin  and  0.19  g  (12.5*70)  of  chromonecarboxylic-2 
acid*  were  obtained. 

Fifty  ml  of  anhydrous  butanol- 1  was  added  gradually  to  9.4  g  of  the  trichloride  at  a  temperature  from 
“10  to~5*  and  the  mixture  was  stirred  for  25  min  (at  ~5  to  +  15“).  The  mixture  was  neutralized  with  aqueous 
bicarbonate,  the  organic  layer  was  separated,  the  butanol  was  distilled  off,  and  15  ml  of  petroleum  ether  was 
added  to  the  crystalline  mass  that  formed  on  cooling.  The  precipitate  was  filtered  off  and  3.11  g  (35.5*70)  of  the 
n-butyl  ester  of  chromonecarboxylic-2  acid  was  obtained  with  m.p.  44-44.5*.  According  to  the  data  in  [4]; 
m.p.  44*.  From  the  mother  liquor  after  the  solvent  had  been  distilled  off  and  the  residue  had  been  hydrolyzed 
as  in  the  preceding  experiments,  2.7  g  (39.7*7o)  of  chromonecarboxylic  acid  and  0.5  g  (7.8*70)  of  4-chlorocoumarin 
were  isolated. 

Eighteen  hundredths  of  a  gram  of  the  trichloride  (I)  was  decomposed  with  1.5  ml  of  butanol- 1  in  order  to 
determine  the  carbon  monoxide.  In  a  reactor  isolated  from  the  reaction  mixture  was  placed  dimethylaniline 
(about  15  ml)  to  absorb  the  HCl  formed.  Three  and  four-tenths  ml  (22%)  of  CO  was  produced. 

When  phenols  (phenol,  4- nitrophenol,  resorcinol,  pyrocatechol)  in  dioxane  solution,  and  ako  aniline,  di¬ 
methylaniline,  pyridine,  and  piperidine  in  benzene  solution  acted  on  the  trichloride  (I),  no  evolution  of  CO  was 
observed. 


SUMMARY 

1.  In  order  to  clarify  the  mechanism  of  the  conversion  of  chromonecarboxylic-2  acid  or  its  acid  chloride 
to  4-chlorocoumarin  by  the  action  of  thionyl  chloride  and  subsequent  treatment  with  water,  the  intermediate 
product,  the  trichloride  (I),  was  kolated  and  its  properties  were  studied. 

2.  It  was  shown  that  the  trichloride  (I)  reacts  with  nucleophilic  reagents  such  as  water  and  alcohols  by  two 
routes:  a)  the  formation  of  4-chlorocoumarin,  which  is  accompanied  by  the  evolution  of  carbon  monoxide,  and 
b)  via  the  hydrolytic  cleavage  of  all  the  chlorine  atoms  with  regeneration  of  chromonecarboxylic-2  acid  or  its 
esters.  With  water  the  reaction  goes  predominantly  by  the  first  route,  bui  with  alcohols  by  the  second. 
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•The  yield  of  chromonecarboxylic-2  acid  corresponds  to  the  amount  of  the  ester  of  this  acid  which  was  found  in 
the  mother  liquors. 
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The  groupings  of  gallic  acid  and  its  derivatives  enter  into  the  ntolecular  constitution  of  many  physiologic¬ 
ally  active  compounds.  In  recent  years  the  attention  of  chemists  has  been  attracted,  in  particular,  to  the  synthe¬ 
sis  of  various  dialkylaminoalkyl  esters  of  3,4,5-trimethoxybenzoic  acid;  in  this  they  are  starting  with  the  assump¬ 
tion  (experimentally  confiiined  in  individual  cases)  that  such  relatively  simple  compounds,  containing  only  a 
few  of  tile  structural  elements  existing  in  reserpine,  should  have  a  reserpine-like  effect  (see,  for  example  [1.2]). 

For  the  purpose  of  pharmacolog'cal  tests  we  have  synthesized  five  derivatives  of  gallic  acid;  0-diethyl- 
aminoethyl  gallatc  (I).  6 -dimethylaminoethyl  (II),  S -diethylaminoethyl  (III),  and  y -dimethylaminopropyl  (IV) 
esters  of  3,4,5-trlacetoxybcnzoic  acid,  and  also  N - (3,4.5- triacetoxybenzoyl)phenothiazine  (V).  The  hydrochlo¬ 
rides  of  esters  (I-IV)  are  readily  soluble  in  water.  None  of  the  compounds  prepared  had  been  described  in  the 
literature. 


EXPERIMENTAL 

3,4,5- Triacetoxybenzoyl  chloride  for  the  reaction  with  y -dimeihylaminopropanol  was  prepared  by  a  more 
convenient  method  than  that  indicated  in  the  literature  [3]:  reaction  of  thionyl  cliloride  with  3,4,5-triacetoxy* 
benzoic  acid  (4  moles  of  SOCI2.  heating  at  ~  70®  for  1  hr:  vield  of  acid  chloride  recrystallizcd  from  CCI4  70‘?o, 
m.p.  104-105*). 

Ester  (II).  To  a  cooled  solution  of  3.3  g  of  3,4,5-triacctoxybenzoyl  chloride  in  1.5  ml  of  dichloroethane 
was  added  0.89  g  of  2-dimethylaminocihanol  in  5  ml  of  dichloroethane.  After  24  tir  100  ml  of  anhydrous  ether 
was  added.  After  the  oil  that  separated  had  crystallized,  the  ether  was  decanted  and  the  crystals  were  washed 
with  ether  by  decantation  and  dissolved  in  30  ml  of  water.  The  aqueous  solution,  saturated  with  sodium  chloride, 
was  extracted  with  chloroform  (5  times  with  20  ml  portions).  The  chloroform  solution  was  dried  by  shaking  with 
anhydrous  sodium  sulfate  and  the  solvent  was  almost  completely  distilled  off  in  vacuum  (30-40*).  The  hydro¬ 
chloride  of  w'ater  (11)  was  precipitated  by  the  addition  of  anhydrous  ether.  It  was  filtered  off  and  dried  over  P205. 
The  weight  of  the  hydrochloride  with  m.p.  130-131.5°  was  3.4  g  (84^70).  After  crystallization  from  anhydrous 
alcohol,  it  melted  at  131.5-133*. 

Found  %;  N  3.65  .  3.44;  Cl  8.76.  8.82.  CnUzzOgNCl.  Calculated  N  3.47;  Cl  8.78. 

Ester  (III).  Tn  a  similar  manner,  ester  (III)  v/as  prepared  from  3.3  g  of  the  acid  chloride  and  1.17  g  of 
2-diethylaminocthanol.  The  yield  of  ester  (III)  with  m.p.  100-103*  was  3.55  g  (82%);  when  purified  by  precip¬ 
itation  with  ether  from  a  solution  in  dichloroethane  it  melted  at  105.5-107*. 

Found  %:  N  3.55,  3.39;  Cl  7.97.  8.03.  CjgHzoOgNCl.  Calculated  %:  N  3.24;  Cl  8.21. 

Ester  (IV).  As  described  above,  there  was  obtained  from  2.1  g  of  the  acid  chloride  in  10  ml  of  dichloro¬ 
ethane  and  0.66  g  of  3-dimethylaminopropanol  in  5  ml  of  dichloroethane,  2.0  g  (75%)  of  the  hydrochloride  of 
the  ester  (IV)  w'ith  m.p.  149-151*  (dried  in  vacuum  over  P2O5  at  110*).  After  re  crystallization  from  acetone  it 
melted  at  154-155*. 
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Found  %:  Cl  8,42,  8.67.  CigH240,NCl.  Calculated  Cl  8.48. 

Ester  (I).  A  mixture  of  34  g  of  anhydrous  gallic  acid,  25,8  g  of  2-diethylaminoethanol,  and  100  ml  of 
toluene,  saturated  with  dry  hydrogen  chloride,  was  heated  on  an  oil  bath  at  140-160®  for  32  hr  with  separation 
of  the  water  in  a  trap  (about  3.5  ml  of  water  was  driven  off).  After  decantation  of  the  toluene  layer.  50  ml  of 
water  and  100  ml  of  ethyl  acetate  were  added  to  the  reaction  mixture.  The  precipitate  that  separated  out  was 
filtered  off,  washed  with  20  ml  of  water,  with  50  ml  of  ethyl  acetate,  and  with  acetone  (twice  with  25  ml  por¬ 
tions),  and  dried  in  vacuum  over  P2O5  at  120®.  Twenty-one  and  4-tenths  grams  (35*70)  of  the  hydrochloride  of 
ester  (I)  was  obtained  with  m.p.  176.5-178.5®;  after  crystallization  from  a  mixture  of  acetone  and  anhydrous 
alcohol  it  melted  at  183-184.5®. 

Found  C  51.03,  51.33;  H  6.71,  6.64;  N  4.59.  4.62;  Cl  11.39.  11.44.  CijHjoDgNCl.  Calculated 
C  51.06;  H  6.59;  N  4.58;  Cl  11.59. 

N-(3.4.5-Triacctoxybpnzoyl)phenothiazinc  (V).  Fifty-three  grams  of  3,4,5- triacetoxybenzoic  acid  and 
33.4  g  of  phenothiazine  in  150  ml  of  dichloroethane  were  left  at  ~  20®  for  5  days.  After  the  dichloroethane  had 
been  distilled  off  in  vacuum  (40-50®),  50  ml  of  anhydrous  alcohol  and  100  ml  of  absolute  ether  were  added.  The 
crystals  were  filtered  off,  washed  with  alcohol  (twice  with  20  ml  portions),  and  treated  with  boiling  absolute  ether. 
Yield  30.6  g  (37.7‘7<’)  of  slightly  greenish  (because  of  contamination)  compound  (V)  with  m.p.  176.5-178*;  after 
crystallization  from  anhydrous  alcohol  (carbon)  it  melted  at  180-181®. 

Found  %;  C  62.90  .  62.97;  H  3.74,  3.83;  N  3.03.  3.18.  C25Hi90,NS.  Calculated  C  62.88;  H  4.01;  N  2.93. 

SUMMARY 

Five  derivatives  of  gallic  acid  were  prepared  for  the  purpose  of  testing  for  pharmacological  activity. 
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In  a  previous  article  [1]  we  have  shown  that  the  reaction  rate  constant  for  the  oxidation  of  amines  by 
pertungstate  is  determined  by  the  number  of  hydrogen  atoms  on  the  nitrogen,  and  also  by  the  number  and  degree 
of  branching  of  the  substituents.  In  the  present  paper  v.'c  attempt  to  elucidate  in  more  detail  the  rules  that  have 
been  derived. 

Tlu;  stcric  factor.  The  energy  of  activation  for  the  oxidation  of  primary  amines  by  pertungstate  is  12- 
14  kcal/molc  and  Li  the  first  approximation  does  not  depend  on  the  degree  of  branching  of  the  amines  (Table  1). 

At  the  same  time,  the  rate  constant  decreases  sharply  in  the  series  CH3  >  CH2CH3  >  CH  (CH3)2  >  €(0113)3  [1]. 

The  length  of  tile  chain  of  the  substituent  has  almost  no  effect  on  the  rate  of  the  reaction,  for  example,  in  ethyl-, 
n-propyl-,  and  n-butylamines.  or  diethyl  and  di-n-propylamines  [1].  Heterocyclic  amines  (piperidine,  hexamethyl- 
enciminc,  morpholine),  however,  represent  an  exception,  being  oxidized  more  rapidly  than  the  aliphatic  di-n-pro- 
pylamine  conesponding  to  them  in  structure  (Table  2).  The  difference  in  the  two  types  of  amines  consists  in  the 
fact  that  the  carbon  chain  of  the  secondary  aliphatic  amine  rotates  around  the  N“C  bond,  overcoming  the  small 
energy  barrier  of  about  3.5  kcal/molc  [2].  The  carbon  atoms  of  the  heterocyclic  amine  are  rigidly  held  and  there 
is  no  rotation  around  the  N~C  bond. 

The  oxidation  of  the  amines  takes  place  at  the  expeasc  of  an  unshared  electron  pair  of  nitrogen  [1].  The 
nitrogen  atom  has  a  tetrahedral  configuration,  the  unshared  electron  pair  of  which  has  somevdiat  of  a  2p-nature 
and  is  partially  oriented  in  the  direction  of  the  unoccupied  corner  of  th.e  tetrahedron  (the  nitrogen  atom  is  at  the 

+  + 

center  of  the  tetialiedron)  [3].  The  products  of  the  oxidation  of  the  amines  R3NOH  or  R3N  —  O  also,  apparently, 
have  a  tetrahedral  structure  [4].  It  therefore  can  be  assumed  that  the  oxidizing  molecule  approaches  the  nitrogen 
from  the  side  toward  which  the  unshared  electron  pair  is  oriented.  In  other  words,  the  oxidant  adds  to  the  nitrogen 
in  the  place  where  it  is  least  surrounded  by  substituents. 

Let  us  consider  the  unshared  electron  pair  and  the  atoms  of  the  substituents  for  the  aliphatic  and  heterocyclic 
amines.  In  the  case  of  the  primary  aliphatic  amines  the  unshared  electron  pair,  as  a  result  of  the  rotation  of  the 
substituent  around  the  N-C  bond,  is  alternately  oriented  in  the  same  direction  with  the  various  substituent  atoms 
(or  groups).  2,3,  and  4,  which  are  joined  to  the  a-carbon  atom.  Position  2  may  be  occupied  either  by  a  hydrogen 


atom  or  an  alkyl  group.  The  less  the  branching  of  the  substituent,  the  greater  is  the  probability  that  position  2 
will  be  occupied  by  a  hydrogen  atom.  In  the  scries  methyl,  ethyl,  isopropyl,  and  tert-butyl  this  probability  de¬ 
creases.  The  rate  of  oxidation  of  the  amines  decreases  in  the  same  order;  therefore,  there  is  a  direct  connection 
between  the  rate  of  reaction  and  the  probability  that  the  unshared  electron  pair  will  appear  in  proximity  to  the 
a- hydrogen  atom. 
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TABLE  1 

Energy  of  Activation  of  the  Oxidation  by  Pertungstate  of  Some 
Nitrogen  Compounds 


Rate  constant  1 

Energy  of 
activation 

Compound 

X  sec 

liters) 

o* 

(in  cal/  mole) 

Ammonia 

0.0102 

0.001 

12.4  ±  1.5 

Methylamine 

j  0.0.52 

0.28 

12.8  ±  1.5 

Cyclohexylamine 
Tert-butylamine  • 
Hydroxy  famine  •  •  i 

Trimetnylamine 

i  0.008 

0.042 

13.0  ±  0.5  I'l 

i  0.0009 

0.0052 

1.3.4  ±  1.5 

1  0.09fi 

0.54 

13.2  ±  1.5 

O.-SO 

0.96 

8.9  ±  1.5 

Triethylamlne 

Nitrite  ion 

0.018 

0.0028 

0.07 

0.0105 

10.5  ±  0.5  Cl 
10.2  ±1.5 

Trimethylamine  •  •  • 

0.57  .  10-« 

4..1  •  10-4 

1.5.4  ±  1.5 

•In  the  presence  of  alcohol. 

•  ‘In  the  absence  of  alkali. 

•  ••Without  sodium  tungstate. 


TABLE  2 

Rate  Constants  for  the  Oxidation  of  Some  Amines 


Amine 

1 

Constant 

Amine 

1 

Constant 

Piperidine 

0.60 

Diethylamine 

0.26 

Morpholine 

0.47 

Dimethylamine 

1.00 

Hexamethyleneimine 

1.08 

N,N*Diethylhydtox- 

ylamine 

0.16 

N-Methylpiperidine 

0.16 

Aniline 

0.1 

Methyldiethylamine 

0.16 

Hydrazine 

0.5 

Triethylamine 

1 

0.068 

0-Ethylhydroxyl- 

amine 

0.044 

This  conclusion  is  confirmed  by  a  similar  comparison  in  the  case  of  the  heterocyclic  amines.  According 
to  the  data  of  Aroney  and  LeFevre.  in  piperidine  the  N-H  bond  occupies  the  axial  position  to  the  extent  of  more 
than  807-5  [5].  Consequently  the  unshared  electron  pair  in  piperidine  is  oriented  in  a  direction  opposite  to  the 
orientation  of  the  ring.  The  closest  neighbors  of  the  unshared  electron  pair  of  the  nitrogen  are  the  a-hydrogen 
atoms  of  the  substituent.  A  similar  condition  also  is  observed  for  dimethylamine;  the  rate  of  oxidation  of  these 
two  amines,  therefore,  is  similar  (Table  2).  In  hexamethyleneimine  the  rate  of  oxidation  approaches  still  more 
closely  that  of  dimethylamine.  It  would  be  expected,  therefore,  that  for  hexamethyleneimine  the  N-H  bond 
would  be  completely  oriented  in  the  axial  direction.  Unfortunately,  the  conformation  of  this  amine  is  not  known 
to  us. 


In  N-methylpiperidine  there  is  no  preferable  orientation  of  the  methyl  croup  [5],  and  therefore  the  unshared 
electron  pair  is  directed  opposite  to  the  direction  of  the  ring  in  only  half  of  the  molecules.  In  conformance  with 
this,  N-methylpiperidine  is  oxidized  at  the  same  rate  as  its  aliphatic  analog,  methyldiethylamine  (Table  2). 
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TABLE  3 

Relative  Chemical  Shifts  in  the  Nuclear  (N*^)  Magnetic  Resonance  [8] 


Compound 

NO,- 

NO,- 

INH,oh]‘ 

NH,* 

MI. 

.  ~ 

Shift  relative  to 
NH4^ 

— 

-.l.'O 

— 

0 

5 

16 

21 

Shift  relative  to 
NO3- 

-240 

0 

276 

386 

The  stcric  effect,  apparently,  also  is  responsible  for  the  decrease  in  the  rate  of  oxidation  by  pertungstate 
of  the  tertiary  amines  in  comparison  with  the  secondary  amines  (Table  2).  Thus,  diethylamine  is  oxidized  more 
rapidly  than  the  tertiary  amino  compounds  obtained  from  it,  methyldicthylamine,  triethylamine.  or  diethylhy- 
droxylamine- 

Effect  of  the  number  of  hydrogen  atoms  on  the  nitrogen.  The  replacement  of  even  one  hydrogen  atom  in 
ammonia  by  a  larger  group-Cll3,  C2Ho.  OH.  NH2,  OC2ll5“  leads  to  a  sharp  change  in  a  number  of  properties;  the 
rate  of  oxidation  increases,  but  the  ionization  potential  and  the  excitation  energy  of  the  molecule  obtained  de¬ 
crease  [6].  The  nitrite  ion  also  is  oxidized  better  than  ammonia  (Table  1),  but  its  excitation  energy  is  lower  [7]. 

It  is  interesting  that  tlie  total  electron  density  around  the  nitrogen  atom  doesnot  affect  the  rate  of  oxidation  of 
the  nitrogen  compounds  (Table  3).  In  ammonia  the  electron  density  around  the  nitrogen  is  the  greatest,  but  it 
Ls  leas;  active-  It  must  be  noted  that  the  electron  density  in  the  amines  and  ammonia  differs  little.  In  the  nitrile 
ion  and  hydroxylamine  the  electron  density  around  the  nitrogen  is  greatly  decreased,  but  this  docs  not  prevent 
their  easy  oxidation. 

At  tile  time  of  the  act  of  reaction  it  also  is  not  proper  to  speak  of  an  increase  in  the  electron  density  of  the 
nitrogen  atom,  especially  in  the  case  of  O-cthylhydroxylamine.  Thus,  the  increase  in  activity  of  the  nitrogen 
compounds  when  an  atom  of  liydrogcn  (of  the  N-II  bond)  is  replaced  by  a  larger  group  is  associated  with  the 
introduction  of  an  unshared  electron  pair  having  a  larger  field  in  the  new  molecule,  rather  than  with  an  increase 
in  tile  electron  density  at  the  nitrogen.  The  rate  constants  for  the  oxidation  of  nitrogen  compounds  were  deter¬ 
mined  under  the  conditions  previously  reported  [1], 

SUMMARY 

1.  The  stcric  effect  of  the  substituents  in  the  oxidation  of  amines  by  pertungstate  is  determined  by  the 
oiientativin  of  the  unshared  electron  pair  and  of  the  a- group  of  atoms  of  the  substituent.  An  alkyl  group  con¬ 
nected  to  the  a- carbon  atom  and  oriented  in  the  same  direction  as  the  unshared  electron  pair  greatly  retards  the 
reaction. 

2.  The  increase  in  activity  of  compounds  of  trivalent  nitrogen  when  the  hydrogen  atoms  of  the  N“H  bond 
are  replaced  by  larger  groups  apparently  is  associated  with  a  loosening  of  the  unshared  electron  pair,  i.e.,  with 
an  increase  in  the  space  in  which  it  can  exist  in  the  molecule. 
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XXX.  THE  CASE  OF  THE  ANOMALOUS  COURSE  OF  THE  FISCHER  REACTION 
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In  one  of  our  previous  articles  [1]  we  described  the  synthesis  of  1- phenyl- 3,4- tetramethylenep>Tazoline  (I) 
from  phenylhydrazine  and  l-dimethylaminomethylcyclohexanone-2  (11).  Upon  investigation  of  this  reaction  it 
was  found  tliat,  depending  on  the  temperature  conditions,  the  solvents,  and  the  acidity  of  the  medium,  the  reac¬ 
tion  proceeded  with  the  formation  of  different  compounds.  Only  under  conditions  almost  completely  excluding 
the  possibility  of  occurrence  of  the  Fischer  reaction  (both  components  in  the  form  of  the  bases.  60  hr,  80",  ethyl 
alcohol)  was  the  pyrazoline  (I)  formed. 

If  one  of  the  components  of  the  reaction  was  used  in  the  form  of  the  hydrochloride,  then  1,2,3,4-tctra- 
hydrocarbazole  (HI)  was  produced,  which  did  not  give  a  depression  in  melting  point  with  a  preparation  of  known 
structure,  and  which  yielded  carbazolc  when  dehydrogenated  with  sulfur.  Such  a  course  for  the  reaction  could  be 
explained  only  by  the  reversibility  of  the  Mannich  reaction  [2,  3)  and  the  cyclization  of  the  phenylhydrazone  of 
cyclohexanone, according  to  Fischer, to  the  indole  derivative.  If  both  components  of  the  reaction,  the  amino- 
ketone  (H)  and  the  phenylhydrazine.  were  used  in  the  form  of  salts  or  the  reaction  was  carried  out  in  an  excess 
of  an  acid  agent  (sulfuric  or  hydrochloric  acid),  then  a  compound  was  produced  in  40%  yield  which  had  strongly 
basic  properties  and  which  according  to  its  analysis  corresponded  to  the  composition  Ci5n2i)N2.  This  compound 
had  already  been  characterized  once  in  the  form  of  the  picrate  with  m.p,  175*  by  Harradence  and  Lions  [4]  who 

CH2N(Cll3)2 

/\ 

IT'! 

(IV) 

had  prepared  it  by  saturation  of  an  alcoholic  solution  of  phenylhydrazine  and  the  aminoketone  (H)  with  hydrogen 
chloride.  The  authors  mentioned  assigned  to  the  compound  that  they  obtained  the  structure  of  ll-dimethylamino- 
methyl-  1,2,3.4-tetrahydrocarbazolenine  (IV). 

The  compound  that  we  obtained,  isolated  in  the  pure  form,  had  the  m.p.  73*  and  its  picrate  gave  no  de¬ 
pression  in  melting  point  with  the  picrate  of  the  compound  prepared  by  the  method  of  Harradence-  This  com¬ 
pound,  however,  was  converted  by  dehydrogenation  with  sulfur  to  l-methylcarbazole,  which  naturally  could  be 
formed  only  if  the  starting  compound  had  the  structure  of  l-dimethylaminomethyl-l,2,3.4-tetrahydrocarbazole 
(VI),  while  compound  (IV)  should  give  unsubstituted  carbazole. 
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One  of  the  components  in  the  fotni  of 


Thus  the  compound  obtained  by  Harradence  was  not  11-dimethylaminomethyltetrahydrocarbazoleninc  (IV), 
but  l-dimethylammomethyl-1.2,3,4-tetrahydrocarbazoIe  (VI).  It  is  interesting  to  note  that  under  severe  conditions 
(250*)  heating  the  aminoketone  and  phenylhydrazine  in  the  form  of  the  free  bases  leads  not  to  the  pyrazoline  (I), 
but  to  a  mixture  of  (IV)  and  (VI)  in  approximately  equal  quantities. 

In  order  to  completely  explain  the  dehydrogenation  processes,  we  carried  out  the  dehydrogenation  with 
sulfur  of  11-methyltetrahydrocarbazole  (VII)  and  l-methyl-1.2.3.4-tetrahydrocarbazole  (VIII).  The  results  ob¬ 
tained  (see  diagram)  fully  confirm  our  reasoning.  The  UV  absorption  spectrum  of  compound  (VI)  has  ^-max 
258  mji,  log  e  4.18,  which  agrees  well  with  the  value  of  the  maximum  for  indole  systems  (280-290  mp),  while 
for  indolenine  structures  it  is  found  in  the  region  250-260  mp. 


Consequently,  in  this  case  we  have  to  do  with  an  exception  to  the  direction  of  the  Fischer  reaction,  since 
for  ketones  with  a  tertiary  carbon  atom  the  formation  of  indolenine  structures  predominates  [5,  6]. 


EXPERIMENTAL 

Tetrahydrocarbazolc  (III).  A  solution  of  76  g  of  l-dimethylaminomethylcyclohexanone-2  hydrochloride 
and  43  g  of  phenylhydrazine  in  300  ml  of  water  was  heated  to  boiling  for  4  hr  in  a  flask  with  a  stirrer.  After  the 
mixture  had  been  cooled,  2  N  hydrochloric  acid  was  added  to  it  until  there  was  an  acid  reaction  to  congo  and  the 
mixture  was  then  carefully  extracted  with  ether.  The  ether  extracts  were  dried  with  potassium  carbonate,  the 
solvent  was  distilled  off,  and  the  residue  was  distilled  in  vacuum.  Twenty  grams  (46.5^0)  of  tetrahydrocarbazole 
(in)  was  obtained  with  b.p.  182-186*  (10  mm),  m.p.  118-119*  (from  alcohol);  picrate  m.p.  166*  [7], 

Tetrahydrocarbazole  (HI)  also  was  prepared  by  heating  3.6  g  of  the  phcnylhydrazonc  of  cyclohexanone  for 
0.5  hr  with  dilute  sulfuric  acid.  Yield  2.2  g  (65‘7o),  m.p.  117-118’  (from  petroleum  ether).  A  sample  mixed  with 
the  preparation  obtained  above  gave  no  depression  in  melting  point. 

l-Dimethylaminomethyl-1.2,3.4-tetrahydroearbazole  (VI).  In  a  flask  with  a  stiner  and  a  reflux  condenser, 
a  solution  of  76  g  of  l-dimeihylaminomethyicyclohexanone-2  hydrochloride  (II)  and  57  g  of  phenylhydrazine  hy¬ 
drochloride  in  300  ml  of  water  was  lieated  for  5  lir  on  a  boiling  water  bath.  After  the  solution  had  cooled,  it  was 
acidified  with  2  N  hydrochloric  acid  to  an  acid  reaction  with  congo  and  was  washed  3  times  with  ether  in  portions 
of  100  ml  each.  From  these  extracts  was  then  isolated  2.5  g  (S^o)  of  tetrahydrocarbazole  (LH).  The  aqueous  layer 
was  neutralized  with  2  N  sodium  hydroxide  solution  and  was  carefully  extracted  with  ether.  After  the  extract  was 
dried  with  potassium  carbonate  and  distilled  in  vacuum,  38  g  (4l7o)  of  l-dimethylaminomethyl-1.2,3,4-tetrahydro- 
carbazole  (VI)  was  obtained  with  b.p.  186-191’  (10  mm),  m.p.  73-73.5’  (from  alcohol). 

Found  C  78.76.  78.63;  H  8.90.  8,87.  CigllzoNj.  Calculated  C  78.92;  H  8.83. 

Picrate  m.p.  175’  (from  alcohol).  Literature  data;  m.p.  175’  [4]. 

When  the  1-dime thylaminomethyl- 1,2, 3. 4- tetrahydrocarbazole  (VI)  obtained  was  boiled  in  water,  dilute 
acid  and  2  N  alkali,  it  was  completely  converted  back  to  the  starting  material. 

A  solution  of  0.49  g  of  the  phenylhydrazone  of  l-dimcthylaminomethylcyclohexanone-2  in  5  ml  of  anhy¬ 
drous  alcohol  was  saturated  with  dry  hydrogen  chloride  gas  and  then  was  left  to  stand  for  2  hr,  after  which  the 
alcohol  was  distilled  off  in  vacuum  and  the  residue  was  neutralized  with  2  N  sodium  hydroxide  solution  and 
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extracted  with  ether.  To  the  ether  extract  was  added  0.4fi  g  of  picric  acid.  Six-tenths  gram  (65*^o)  of  a  picrate 
with  m.p.  174*  was  obtained.  A  sample  mixed  with  the  picrate  of  the  preparation  obtained  above  gave  no  de¬ 
pression  in  the  melting  point. 

11-Mcthyl- 1,2,3, 4-tetTahydrocarbazolenine  (VII).  Ten  grams  of  2-mcthylcyclohcxanone  phenylhydrazonc 
in  150  ml  of  dilute  sulfuric  acid  (1  :  10)  was  heated  to  boiling  for  1  hr.  The  mLxture  was  cooled  and  extiacted 
with  ether.  The  ether  extracts  were  dried  witli  potassium  carbonate  and  distilled  in  vacuum.  One  and  seven- 
tenths  grams  {18.9‘’/o)  of  l-methyl-1.2,3,4  tetrahydrorarbazolc  (VIII)  witli  b.p.  180*  (8  mm),  m.p.  70-71*  (from 
alcohol)  was  obtained.  Literature  data  [5]:  b.p.  142-146“  (0,3  mm),  m.p.  72“, 

After  neutralization  with  sodium  hydroxide.  5.3  g  (54‘7(’)  of  ll-methyltetrahydrocarbazolenine  (VII)  with 
b.p.  148-147*  (8  mm)  was  extracted  from  the  aqueous  solution  with  ether;  picrate.  m.p.  172“  (from  alcohol). 
Literature  data  [5]:  b  p.  08-100*  (0.8  mm);  picrate,  m.p.  172*. 

Dehydrogenation  of  11-mcthyl- 1,2,3, 4-tctrahydrocarbazolcninc  (VII)  with  sulfur  led  to  carbazolc,  in  40*70 
yield,  with  m.p.  243-244“  [7].  The  preparation  obtained  gave  no  depression  in  melting  point  with  carbazole 
(m.p.  2'14-245“)  prepared  by  the  dehydrogenation  of  tetrahydrocarbazole  with  sulfur,  and  with  pure  carbazole  of 
known  structure. 

l-Methylcarbazole  (V).  When  2.4  g  of  l-dimethylaminomethyl-l,2,3,4-tetrahydrocarbazole (VI)  was 
heated  with  0.96  g  of  sulfur,  1.6  g  (68*7p)  of  l-methylcarbazole  (V)  was  obtained  with  b.p.  289“  (9  mm)  and 
m.p.  115-116“  (from  petroleum  ether).  Literature  data  [5];  m.p.  114-115*.  120". 

Found  C  86.46,  36.46;  H  6  38,  6.41.  CiaHjiN.  CalcuLitcd  *7;  C  86.26;  H  6.12. 

Picrate,  m.p.  140-141*  (from  benzene).  Literature  data  [5J:  m.p.  143*. 

In  a  similar  manner,  1-methylcarbazoIe  with  m.p.  119*  was  obtained  from  1- methyl- 1.2, 3. 4- tetrahydro¬ 
carbazole.  A  mixed  sample  with  the  preparation  obtained  above  gave  no  depression  in  melting  point. 

Pyrolysis  of  l-dimethylaminomcthylcyclohexanone-2  phenylhydrazone.  Twenty-five  grams  of  1-dimethyl- 
aminomethylcyclohexanonc-2  phenylhydrazone  was  heated  to  180-270“,  after  which  vigorous  evolution  of  gases 
began.  At  the  end  of  the  reaction,  the  mLxture  was  distilled  in  vacuum  at  1C  mm.  From  the  fraction  with 
b.p.  182-183"  (12.8  g),  recrystallization  from  alcohol  yielded  1.2, 3. 4- tetrahydrocarbazole  (21%)  with  m.p.  116* 
and  1-dimethylaminomcthyl- 1,2, 3, 4- tetrahydrocarbazole  (20%);  picrate  m.p.  174*  (from  alcohol'). 

SUMMARY 

1.  It  has  been  shown  that,  depending  on  the  conditions,  the  reaction  between  1-dimethylaminomethyl- 
cyciohexanone-2  and  phenylhydrazone  may  proceed  with  the  formation  of  cither  pyrazoline  or  carbazole  systems. 

2.  It  has  been  found  that  the  ll-diincthylaminomethyltctrahydrocarbazole  prepared  by  Harradence  actually 
has  the  structure  of  1-meihyldimcthylaminotetrahydrocarbazole. 
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5-Hydroxytryptamine  (serotonin,  enteroamine)  is  one  of  the  most  important  natural  materials  with  respect 
to  its  physiological  effects.  This  biogenic  amine,  which  was  isolated  in  1948  by  Rapport  et  al.  [1]  from  blood 
serum  and  almost  simultaneously  by  Erspamer  [2]  from  the  skin  of  amphibians,  has  extremely  varied  pharmacological 
properties  [3],  which  make  it  irreplaceable  for  a  number  of  physiological  and  pharmacological  investigations.  It  can 
be  used  also  in  practical  medicine  in  curing  some  hematological  illnesses.  The  interest  in  this  material  has  stim¬ 
ulated  chemists  to  occupy  themselves  with  working  out  preparative  methods  for  it.  At  the  present  time  a  large 
number  of  syntheses  of  serotonin  are  known,  which  can  be  divided  into  two  groups:  syntheses  associated  with  the 
preliminary  preparation  of  5-alkoxyindole  to  which  there  is  further  attached  an  aminoethyl  chain,  with  subsequent 
dealkylation,  and  syntheses  in  which  the  closing  of  the  indole  ring  is  accomplished  directly  in  the  preparation  of 
the  serotonin. 

Among  the  syntheses  of  the  first  group,  the  most  convenient  is  the  method  of  Speeter  et  al.  [4],  which  is 
based  on  the  condensation  of  5-bcnzylhydroxyindole  with  oxalyl  chloride  and  subsequent  formation  of  the  dibenzyl- 
amide;  reduction  of  the  dibenzylamide  with  lithium  aluminum  hydride  leads  to  the  corresponding  amine,  the  cata¬ 
lytic  debenzylation  of  which  yields  S-hydrox^try'ptamine.  The  yield  of  the  latter  is  60%;  5-benzyloxyindolc  itself, 
however,  is  a  very  difficult  compound  to  prepare. 

Of  the  second  group  of  syntheses,  the  method  of  Bernini  [5],  which  is  based  on  the  application  of  the  E.  Fischer 
reaction  to  the  p-benzylhydrox>T)henylhydrazone  of  the  dicthylacetal  of  y-aminobutyraldehyde,  is  attractive  be¬ 
cause  of  its  simplicity.  The  yield  of  serotonin  in  this  case  is  27.5%;  the  use  of  this  method,  however,  is  limited 
by  the  complexity  of  the  preparation  of  the  aminoaldehyde  mentioned. 

It  should  be  pointed  out  that  in  neither  of  the  methods  used  was  the  possibility  investigated  of  preparing 
the  conesponding  amides  or  nitriles  of  the  alkoxyindolylacetic  acids  by  means  of  the  E.  Fischer  reaction,  although 
these  products,  obtained  from  the  corresponding  indoles  tlirough  the  substituted  graminfe]  or  indolemagnesium 
iodide  [7],  have  been  successfully  converted  to  serotonin.  In  the  literature  there  even  is  a  certain  indication  [8] 
that  p-alkoxyphenylhydrazones  of  6 -formylpropionic  acid  in  the  E.  Fischer  reaction  generally  give  very  poor 
yields  of  indole  derivatives.  Our  experiment  on  the  synthesis  by  means  of  this  reaction  with  5- alkoxy- substituted 
indolebut)Tic  acids,  however,  [9]  contradicted  these  conclusions.  It  therefore  was  of  interest  to  study  this  reaction 
in  detail. 

In  our  laboratory.  N.  P.  Sorokin  showed  that  when  the  p-benzyloxyphenylhydrazone  of  the  methyl  ester 
of  6 -formylpropionic  acid  (I)  was  heated  with  an  alcoholic  solution  of  phosphoric  acid  (m  contrast  to  the  data 

•The  present  work  is  protected  by  authors  certificate  No.  116106  with  priority  from  January  24,  1958  and  was 
reported  March  19,  1959  at  a  meeting  of  the  Section  of  Chemistry  of  Natural  Compounds  and  Biochemistry  of 
the  Vlllth  Mendeleev  Conference  on  general  and  applied  chemistry. 
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of  Mcntzcr,  Bcaudet,  and  Bory  [10]),  the  main  reaction  product  was  not  the  ester  of  5-benzyloxyindolylacetic 
acid  (II),  but  l-(p-benzyloxyphcnyl)-p)Tidazinone-6  (III). 


CM,cy,C00CHj 

Cl  i" 

^  N-N 
II 

(I) 


CH2COOCHJ 


Since  Wislicenus  [11]  and  V.  V.  Feofilaktov  [12]  in  a  number  of  cases  succeeded  in  converting  pyTidazinones, 
under  the  conditions  of  the  E.  Fischer  reaction,  to  derivatives  of  indole,  it  seemed  to  us  possible,  by  appropriate 
selection  of  the  conditions,  to  attain  good  yields  of  S-benzyloxyindolylacetic  acid.  We  further  worked  with  free 
6  -  forinylpropjonic  acid  (V).  v.diich  is  more  available  than  its  ester.  Tliis  acid  is  obtained  by  heating  the  readily 
available  diethyl  ester  of  forinylsuccinic  acid  [13]  with  w'ater  to  120®  (or  from  glutamic  acid  according  to  [14]). 
The  p-benzyloxyphenylhydrazone  (VI)  of  the  latter  was  resinified  by  the  action  of  an  alcoholic  solution  of  sulfuric 
acid,  and  when  dry  hydrogen  chloride  was  passed  into  its  alcoholic  solution  in  the  cold,  it  underwent  alcoholysis 
witli  the  formation  of  the  hydrochloride  of  the  starting  p-benzyloxyphenylhydrazine.  When  sulfosalicylic  acid  in 
alcohol  was  used  as  the  condensing  agent,  however,  the  E.  Fischer  reaction  went  smoothly. 


Since  the  preparation  of  the  amides  of  indolealiphatic  acids  by  the  usual  methods  is  difficult,  we  decided 
to  use  for  this  purpose  the  hydrogenolysis  of  the  hydrazides  of  the  acids  on  Raney  nickel  catalyst  [15].  We  there¬ 
fore  did  not  isolate  in  the  pure  form  the  ethyl  5-bcnzyloxyindolyl-3-acctatc  (VII)  which  was  formed  in  the 
E.  Fischer  reaction,  but  converted  it  to  the  hydrazide  (VIII)  by  heating  with  an  alcoholic  solution  of  hydrazine 
hydrate.  The  total  yield  of  the  hydrazide  (vm)  was  SS^o.  calculated  on  the  starting  arylhydrazone  (VI). 


It  was  further  established  that  hydrogenolysis  of  the  hydrazide  of  5-benzyloxyindolyl-3-acetic  acid  on 
Raney  nickel  was  accompanied  by  simultaneous  cleavage  of  the  N~N  and  C  — O  bonds,  as  a  result  of  which  the 
amide  of  5-hydroxyindolyl-3-acetic  acid  (DC)  was  formed  in  good  yield.  Reduction  of  the  latter  with  lithium 
aluminum  hydride  gave  5-hydroxyiryptamine  (X),  which  was  isolated  in  the  form  of  the  picrate  and  a  complex 
with  creatinine  sulfate. 
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The  advantages  of  this  method  arc  obvious:  the  synthesis  of  serotonin  was  accomplished  from  readily  avail¬ 
able  B  * formylpropionic  acid  and  p-benzyloxyphenylhydrazinc  [5]  in  4  stages  with  an  over-all  yield  of  14%.  Fur¬ 
thermore.  the  stage,  characteristic  of  almost  all  syntheses  of  serotonin,  of  catalytic  debenzylation  of  5-benzyloxy- 
tryptamine  on  palladium  catalyst  is  absent  in  this  method.  It  has  been  extended  by  us  also  to  other  objects  and 
can  be  considered  as  a  general  synthesis  of  tryptamines. 


EXPERIMENTAL 

Cyclization  of  p-benzyloxyphenylhydrazone  of  methyl  6 -formylpropionate  in  the  presence  of  phosphoric 
acid  (studied  by  N.  P.  Sorokina).  To  a  solution  of  5.4  g  of  p-benzyloxyphenylhydrazine  in  45  ml  of  anhydrous 
alcohol  was  added  3.32  g  of  methyl  B  -  formylpropionate  and  the  mixture  was  boiled  for  30  min.  The  next  day 
the  solvent  was  distilled  off  to  dryness  and  a  solution  of  4.2  g  of  orthophosphoric  acid  in  55  ml  of  anhydrous 
alcohol  was  added  to  the  residue.  The  reaction  mixture  was  boiled  for  2  hr  and  poured  into  600  ml  of  water. 

The  semicrystalline  oil  that  separated  out  was  extracted  with  750  ml  of  ether.  The  ether  extract  was  washed 
with  water,  with  a  saturated  solution  of  sodium  bicarbonate,  and  again  with  water  to  a  neutral  reaction,  and  then 
was  dried  with  calcined  sodium  sulfate.  After  treatment  in  the  cold  with  activated  carbon,  the  solvent  was  distilled 
off  to  dryness  and  the  remaining  crystalline  precipitate  was  triturated  with  4  ml  of  dry  carbon  tetrachloride  and 
filtered.  Weight  2.25  g.  Yield  of  l-(p-benzyloxyphenyl)p>Tidazinone-6  (III)  58.5%  M.p.  131-132“  (from  aqueous 
alcohol). 

Found  %:  C  73.21;  H  5.76;  N  9.82.  9.67.  C17H16O2N2.  Calculated  %  C  74.02;  H  6.05;  N  9.96. 

For  evidence  of  the  structure,  0.5  g  of  (HI),  1.5  ml  of  anhydrous  alcohol,  and  0.6  ml  of  hydrazine  hydrate 
were  boiled  for  3  hr.  To  the  still  hot  solution  was  added  1  ml  of  hot  water.  The  precipitate  that  separated  out 
upon  cooling  was  filtered  off  and  washed  with  cold  alcohol.  Yield  0.28  g  (73%).  M.p.  108-109“.  A  sample  mixed 
with  p-benzyloxyphenylliydrazine  showed  no  depression  in  melting  point.  After  the  carbon  tetrachloride  had  been 
distilled  off  from  the  mother  liquor  from  the  p)Tidazinone,  a  thick  oil  remained,  in  which  the  presence  of  anindok 
compound  was  shown  with  the  aid  of  Ehrlich  reagent 

p-Benzyloxyphenylhydrazone  of  B  ~ formylpropionic  acid  (VI).  Five  and five-tenthsgrams  of  6 'formyl- 
propionic  acid  was  dissolved  in  20  ml  of  alcohol  containing  0.38  ml  of  acetic  acid.  To  the  solution  v/as  added, 
with  stirring.  11.6  g  of  p-bcnzyloxyphenylliydrazine.  The  reaction  mixture  was  left  at  room  temperature  in  an 
atmosphere  of  carbon  dioxide  gas  for  a  day.  Then  40  ml  of  alcohol  was  added  to  it,  the  mixture  was  heated  to 
boiling  and  the  solution  was  filtered.  To  the  filtrate  was  added  35  ml  of  hot  water.  The  mixture  was  cooled  to 
room  temperature  and  left  overnight  in  an  atmosphere  of  carbon  dioxide  gas  at  room  temperature.  The  precip¬ 
itate  was  filtered  off  and  washed  with  a  cold  mixture  of  alcohol  and  water  (2  :  1).  and  then  dried  in  a  vacuum 
desiccator  over  sulfuric  acid.  Twelve  and  fifteen  hundredths  grams  of  the  hydrazone  was  obtained  with  m.p.  109- 
110.5*  (pink  color).  Yield  77.5%,  calculated  on  the  formylpropionic  acid.  For  analysis,  the  compound  was  again 
crystallized  from  alcohol.  M.p,  111-112“. 

Found  %;  C  68.37.  68.14;  H  6.15,  6.16;  N  8.87,  9.19.  C17H1RO3N2.  Calculated  %:  C  68.44;  H  6.04;  N  9.36. 

Attempts  to  cyclize  the  hydrazone  (VI)  in  the  presence  of  hydrogen  chloride.  Thirty- five  hundredths  grams 
of  p-benzyloxyphenylhydrazone of  6 -formylpropionic  acid(VI)wasdissolved  in  7  ml  of  warm  anhydrous  alcohol, 
cooled,  and  a  current  of  dry  hydrogen  chloride  passed  through  the  solution  to  saturation  (while  the  reaction  mix¬ 
ture  was  cooled  with  a  mixture  of  salt  and  ice).  The  precipitate  that  separated  out  was  filtered  off  and  washed 
with  absolute  ether.  Twenty- five  hundredths  grams  of  colorless  crystals  with  m.p.  168-169“  (decomp.)  was  ob¬ 
tained.  After  recrystaUization  from  alcohol  the  melting  point  was  174.5“  (decomp.).  A  sample  mixed  with 
p-benzylcxyphenylhydrazine  hydrochloride  gave  no  depression  in  melting  point. 

Found  %;  N  11.05,  10.96;  Cl'  14.42,  14.06.  C13H14ON2  *  HCl.  Calculated  %  N  11.20,  Cl’  14.17. 
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5-ncnzyloxyiiido1yl-3-.icctic  acid  liydrazido  Twelve  grams  of  p-benzyloxyphenylhydrazone  of 

6  -formylpropionic  acid  was  stirred  in  a  current  of  carbon  dioxide  gas  wnth  94  ml  of  anhydrous  alcohol,  and  a 
solution  of  26.4  g  of  sulfosalicylic  acid  in  170  ml  of  anhydrous  alcoliol  was  added.  The  solution  was  boiled  in 
a  current  of  carbon  dioxide  gas  for  6  hr,  cooled  to  room  temperature,  and  poured,  with  stirring,  into  2600  ml  of 
ice  water  containing  sodium  chloride-  The  oil  that  separated  out  was  extracted  with  ether.  The  ether  solution 
was  washed  with  cold  solutions  of  sodium  chloride,  sodium  bicarbonate  with  sodium  chloride,  and  cold  water,  . 
and  dried  with  calcined  sodium  sulfate. 

The  dark  red  ether  solution  w'as  stirred  witli  small  amounts  of  activated  carbon  for  1  hr.  The  carbon  was 
filtered  off  and  the  ether  was  redistilled  off  in  vacuum  in  a  current  of  nitrogen.  Ten  and  eight-tentlis  grams  of 
a  dark  oil  was  obtained.  The  ethyl  5-bcnzyloxyindolyl-3-acetate  v/as  not  isolated  in  the  pure  form,  but  was  con¬ 
verted  to  the  liydrazide.  for  which  purpose  32. 4  ml  of  alcohol  and  10.8ml  of  hydrazine  hydrate  were  added  to  the 
oil  that  was  obt.iincd.  The  solution  was  boiled  for  3  hr.  Then  32  ml  of  hot  water  was  added  to  the  light  yellow 
solution  and  it  was  left  overnight  at  room  temperature.  The  yellow  precipitate  of  the  hydrazide  which  separated 
out  W'as  filtered  off.  washed  with  a  cold  mixture  of  alcohol  and  water  (1  :  1)  and  dried  in  a  vacuum  desiccator 
over  sulfuric  acid.  The  compound  w'as  crystallized  from  alcohol.  Six  and  fifty-six  hundredths  grams  of  compound 
(Vin)  was  obtained  with  m.p.  155.5-156.5".  Yield  55‘7£>,  calculated  on  the  starting  hydrazonc. 

Found  C  68.87;  H  5.84;  N  14.31,  14.10.  C17H17O2N3.  Calculated  C  69.15;  H  5.76;  N  14.24. 

5- Hydroxyindolyl- 3- acetamide  (LX).  Two  grams  of  5-benzyloxyindolyl-3-acetic  hydrazide.  200  ml  of 
alcohol,  and  20  g  of  Raney  nickel,  type  W-4,  were  boiled,  w'ith  stirring,  for  3  hr  in  a  current  of  nitrogen.  Then 
the  reaction  mixture  v/as  cooled  to  room  temperature  ar.1  the  catalyst  was  filtered  off.  The  alcohol  was  distilled 
off  in  vacuum  in  a  current  of  nitrogen.  The  residue  was  dried  by  azeotropic  distillation  of  the  water  with  benzene, 
tlien  was  dissolved  in  3  ml  of  anhydrous  alcohol  and  9  ml  of  anhydrous  benzene  was  added  to  the  solution  that  was 
obtained.  Upon  cooling,  a  white  precipitate  of  5-hydroxyindolyi- 3- acetamide  separated  out.  It  was  filtered  off, 
and  washed  with  a  cold  mixture  of  alcohol  and  benzene  (1 :  3).  It  was  dried  in  a  vacuum  desiccator  over  sulfuric 
acid.  Fight- four  hundredths  grams  of  the  amide  of  5-hydroxyindolyl- 3- acetic  acid  was  obtained  with  m.p.  164- 
165*.  Yield  65Tto,  calculated  on  the  5*benzyloxyindolyl-3-acetic  hydrazide. 

round  C  63.06.  63.08;  H  5.47.  5.30;  N  14.44.  CioHioOjNj.  Calculated  C  63.16;  H  5.26;  N  14.72. 

5-IIydrox)'tryptaminc  (X).  Five-tenths  grams  of  powdered  5- hydroxyindolyl- 3- acetamide  was  placed  in  a 
filtering  cup  with  a  No.  1  porous  bottom.  The  cup  was  placed  in  the  holder  of  an  extractor  fitted  with  a  powerful 
condenser.  In  a  tlnee-necked  flask  were  placed  1.7  g  of  lithium  aluminum  hydride  and  750  ml  of  absolute  ether 
The  suspension  was  boiled,  with  stirring,  in  a  current  of  nitrogen  until  all  the  amide  that  had  been  placed  in  the 
holder  had  dissolved  (about  20  Itr).  Then  the  boiling  was  continued  for  another  2  hr.  Tlie  reaction  mixture  was 
cooled  to  0*  and  8  ml  of  anliydrous  alcohol  and  a  solution  of  2  g  of  Rochelle  salt  in  8  ml  of  water  were  added 
carefully,  drop  by  drop,  with  stirring,  to  decompose  the  excess  lithium  aluminum  hydride. 

To  break  down  the  complexes  formed,  there  subsequently  were  added  a  solution  of  17  ml  of  concentrated 
hydrochloric  acid  in  13  ml  of  water,  which  had  been  cooled  to  0",  20  g  of  Rochelle  salt,  and  90  g  of  crystalline 
sodium  carbonate,  after  which  tlic  mixture  was  kept  for  0.5  hr  at  room  temperature,  with  stirring.  The  serotonin 
that  had  been  formed  was  extracted  with  hot  ether,  for  which  purpose  the  reaction  mixture  was  heated  to  boiling 
and  boiled  for  15  min.  Then  the  hot  ether  solution  was  siphoned  off,  filtered  through  a  glass  No.  4  filter,  and  the 
ether  was  distilled  off  in  vacuum  in  a  current  of  nitrogen.  Li  the  reaction  flask  was  placed  another  750  ml  of 
ether  and  a  second  similar  extraction  was  canied  out. 

a)  5-HydroxytTyptamine  picrate.  The  ether  solution  (first  extract)  was  evaporated  in  vacuum  to  dryness 
in  a  curicnt  of  nitrogen.  To  the  residue  was  added,  with  external  cooling  with  ice.  5  ml  of  cold  0.1  N  hydrochlo¬ 
ric  acid  solution  and  20  ml  of  water.  The  solution  was  filtered  and  to  the  filtrate  was  added  35  ml  of  1%  aqueous 
solution  of  picric  acid.  The  solution  was  left  for  1  hr  at  a  temperature  of  0-2*  and  the  orange  precipitate  that 
separated  out  was  filtered  off.  It  was  washed  with  a  small  amount  of  water  and  dried  in  a  vacuum  desiccator  over 
sulfuric  acid.  Two-tenths  grams  of  serotonin  picrate  was  obtained  with  m.p.  200-201*  (decomp.)  (at  105-110*  the 
,  precipitate  turned  red  and  at  173"  it  sintered). 

Found  °Jox  C  45.54,  45.13;  H  4.12,  3.94;  N  16.09.  15.96.  C10H12ON2  ’  C6H3(OHXN02)3  ‘  HjO.  Calculated ‘T'o; 

C  45.39;  H  4.05;  N  16.55. 


3089 


By  similar  treatment  of  the  ether  solution  from  the  second  extraction,  and  also  from  the  mother  liquors, 
another  0.32  g  of  serotonin  picrate  was  isolated  with  decomp.  temp.  186*.  Yield  of  5-hydroxytryptamine  picrate 
48.5%,  calculated  on  the  5-hydroxyindolyl-3-acetamide. 

b)  Serotonin~  creatinine  sulfate  complex-  The  combined  ether  extracts  were  evaporated  to  dryness  in  a 
current  of  nitrogen.  To  the  residue  was  added  2  ml  of  hot  (60-70*)  dilute  sulfuric  acid  (1 ;  10).  To  the  hot  solu¬ 
tion  obtained  were  added  0.35  g  of  creatinine  and  14  ml  of  acetone.  The  crystals  that  separated  out  upon  cooling 
to  room  temperature  were  filtered  off  and  washed  with  acetone-  They  were  dried  in  a  vacuum  desiccator  over 
H2SO4.  Fifty- three  hundredths  grams  of  a  complex  of  serotonin  with  creatinine  sulfate  was  obtained  with  m.p.  209- 
211*  (decomp.).  Yield  of  complex  50%.  calculated  on  the  5- hydroxyindolyl- 3- acetamide. 

Rj  0.31  [n- butanol- glacial  acetic  acid-water  (8  ;  2  :  2)i];R/  0.4  [isopropyl  alcohol- ammonia -water 

(8:1:  1)]. 


SUMMARY 

1.  A  new  method  has  been  developed  for  the  synthesis  of  5-hydroxytryptamine  from  readily  available 
6 -formylpropionic  acid  and  p-bcnzyloxyphenylhydrazinc. 

2.  It  has  been  shown  that  when  p-benzyloxyphenylhydrazine  is  heated  with  an  alcoholic  solution  of  phos¬ 
phoric  acid,  the  main  product  of  the  reaction  is  l-(p-bcnzyloxyphenyl)p)Tidazinone-6. 

3.  It  has  been  established  that  when  a  current  of  dry  hydrogen  chloride  is  passed  into  an  alcoholic  solution 
of  p-benzyloxyphenylliydrazone  of  6  -  formylpropionic  acid,  alcoholysis  of  the  latter  takes  place.  The  E.  Fischer 
reaction  takes  place  with  good  yield,  however,  whensulfosalicylic  acid  is  used  as  the  condensing  agent. 

4.  It  has  been  noted  that  hydrogenolysis  of  the  hydrazide  of  5-benzyloxyindolyl-3-acetic  acid  takes  place 
with  simultaneous  cleavage  of  the  N“N  and  C~0  bonds  and  gives  immediately  5-hydroxyindolyl-3-acetamide. 
The  latter  is  reduced  smoothly  by  litliium  aluminum  hydride  in  boiling  ether  with  the  formation  of  5-hydroxy- 
tryptaminc. 
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6-Motlioxytryptamine  was  an  important  intermediate  product  in  the  accomplishment  by  Woodward,  ct  al. 

[1]  and  the  perfection  by  Velluz  [2]  of  the  synthesis  of  the  alkaloid  reserpine,  which  is  a  valuable  medical  prep¬ 
aration  for  the  treatment  of  hypertensive  disease  and  psychic  illnesses  [3]. 

This  compound  was  first  prepared  in  1930  by  Spath  and  Ixjderer  by  the  E.  Fischer  reaction  by  heating  a 
mixture  of  m-methoxyphenylhydrazine  and  the  diethyl  acetal  of  y -aminobutyraldehyde  with  anhydrous  zinc 
chloride.  Since  in  this  process  a  mixture  of  4-  and  6- isomers  is  formed,  the  latter  was  isolated  as  the  acetyl 
derivative  in  about  SO'/o  yield.  In  the  same  year  the  Japanese  investigators  Akabori  and  Saito  [5]  synthesized 
6-methoxytiyptamine  by  the  reaction  of  6-methoxyindolemagnesium  iodide  with  chloroacetonitrile  with  sub¬ 
sequent  reduction  of  the  6- mcthoxyindolyl- 2- acetonitrile  by  sodium  in  alcohol.  The  total  yield  of  the  desired 
product  was  26‘7o,  calculated  on  the  6-methoxyindole. 

The  6-methoxyindole  necessary  for  the  reaction  had  previously  been  prepared  [6]  by  a  scheme  based  on 
the  Rcissert  reaction:  p-cresol  -».p-crcsyl  carbonate  -►  o-nitio-p-cresyl  carbonate  -♦  o-nitro-p-cresol  ->  methyl 
o-nitro-p-crcsylate  -*  o-nitro-p-methoxyphenylpyruvic  acid  -*  6-methoxyindole -2- carboxylic  acid  -♦.6-meth¬ 
oxyindole. 

Very  recently  Woodward  et  al.  [1,  7]  have  published  a  new  and  elegant  synthesis  of  6-methoxytryptamine 
tiirough  6-mcthoxyindole  by  the  following  scheme:  p-anisidine  -♦  N* acetyl- p-anisidine  ->  2-nitro-4-methoxy- 
acetanilide  -♦  2-nitro-4-methoxyaniline  ->  2-nitro-4-methoxyDenzaldchyde  (replacement  of  the  amino  group  by 
aldehyde  through  the  diazo  compound  with  the  aid  of  formaldoxime) ->  2,  B -dinitro-4-mcthoxystyTene  (conden¬ 
sation  with  nitromethane) ->  6-methoxyindole  -♦  6 -6-methoxyindolyl-3-glyoxalic  acid  (condensation  with 
oxalyl  chloride)  -♦amide  of  the  last  compound  -♦  6-methox)'tryptamine (reduction with  lithium  aluminum  hy¬ 
dride).  The  over-all  yield  of  6-metlioxyindole  from  the  p-anisidine  by  this  method  wasl67o,  and  that  of  tech¬ 
nical  6-mcthoxytryptamine  (yield  of  pure  product  in  the  last  stage  not  indicated)  was  about  8‘7a 

It  can  easily  be  seen  that  the  first  two  s)’ntheses  of  6-methoxytryptamine  can  scarcely  have  practical  sig¬ 
nificance:  the  method  of  Spath,  because  of  the  low  yields  and  the  poor  availability  of  the  acetal  of  aminobutyr¬ 
aldehyde,  and  the  method  of  Akabori- Robinson  because  of  the  low  yields  in  the  stages  of  the  Reissert  reaction, 
the  decarboxylation  of  indolecarboxylic  acid,  and  the  conversion  of  6-mothoxyindole  to  6-methoxytryptamine. 
The  Woodward’s  sjmthesr,  with  all  its  attiactiveness  also  is  not  very  convenient  for  work  on  a  large  scale,  since 
it  proposes  the  preparation  of  6-methoxyindole  by  hydrogenation  of  the  conesponding  dinitrostyrene  on  palladium 
catalyst  in  an  autoclave  (a  reaction  which  goes  very  rapidly  and  exothermically),  and  also  the  use  of  the  toxic 
oxalyl  chloride  and  the  reduction  to  the  tetrahydrofuran  with  lithium  aluminum  hydride,  which  is  not  without 
danger. 
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All  of  this  stimulated  us  to  develop  a  new  preparative  synthesis  of  6-methoxytryptamine. 

As  the  starting  material  we  selected  technical,  readily  available  p-toluidine  (I),  which  on  nitration  in 
sulfuric  acid  medium  gives  2-nitro-4-aminotoluene  (U).  The  latter,  through  the  diazo  compound  with  subse¬ 
quent  methylation,  produces  2-nitro-4-hydroxytoluene  (III),  which  is  convertible  to  2-nitro-4-methoxytoluene 
(IV).  All  these  reactions  go  with  excellent  yields.  When  (IV)  was  brominated  with  one  mole  of  N-bromosuc- 
ciniinide,  2-nitro-4-methoxybenzyl  bromide  was  obtained,  the  structure  of  which  was  demonstrated  by  oxida¬ 
tion  to  2-nitro-4-methoxybcnzoic  acid,  which  had  been  described.  The  bromide  mentioned  was  converted  to 

2- nitro-4-methoxybenzaldehyde  (VI)  by  the  method  of  Krohnke  [8]  through  the  quaternary  pyridinium  salt  and 
the  corresponding  nitron. 

The  synthesis  of  the  aldehyde  (VI),  however,  can  be  carried  out  considerably  more  simply:  when  2-nitro- 
4-methoxytoluene  (IV)  was  brominated  with  two  moles  of  N-bromosuccinimide  in  the  presence  of  benzoyl  perox¬ 
ide,  then  the  dibromide  (V)  was  produced,  which  without  isolation  in  the  pure  form,  was  subjected  to  hydrolysis 
to  produce  2-nitro-4-metlioxybenzaldchyde  in  72*70  yield,  calculated  on  (W). 

The  following  two  stages  of  the  synthesis,  the  condensation  of  the  aldehyde  (VI)  with  nitromethane  to 
2,6 -dinitro-4-methoxystyrcne  (VII)  and  cyclization  of  the  latter  to  6-methoxyindole  (VIII)  are  similar  to  the 
corresponding  stages  in  Woodward's  synthesis;  we  carried  them  out,  however,  under  simpler  conditions  and  with 
larger  yields;  the  condensation  with  nitromethane  was  carried  out  in  the  presence  of  alkali,  and  closing  of  the 
indole  ring  was  accomplished  by  the  action  of  iron  in  acetic  acid. 

The  further  route  from  6-methoxyindole  to  6-methyltryptamine  we  carried  out  through  the  substituted 
graminc  (K),  its  methylbenzenesulfonate  (X),  which  was  not  isolated  in  the  pure  form,  and  6-mcthoxyindolyl- 

3-  acetonitrile  (XI).  Reduction  of  the  latter  was  canied  out  both  with  hydrazine  in  the  presence  of  Raney  nickel 
by  the  method  of  [9],  and  by  catalytic  hydrogenation  in  the  presence  of  the  nickel  and  cobalt  catalyst  of  Fierz- 
David. 
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The  over-all  yield  of  G-methox^tiyptamine  by  our  method  was  14%,  calculated  on  the  starting  p-toluidine, 
i.e.,  1.5  times  that  of  Woodward.  Furthermore,  it  is  characterized  by  greater  simplicity. 
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EXPERIMENTAL 


2-Nitro-4- aminotolticnc  (11).  One  hundred  grams  of  powdered  p-toluidine  was  dissolved,  with  stirring,  in 
100  ml  of  sulfuric  acid  (d  1.S4)  at  0-5*.  To  the  solution,  cooled  to-~l*,  was  added  dropwise  over  the  course  of 
2-2.5  hr  (with  vigorous  stirring  and  a  temperature  of~l  to -5*)  50  ml  of  nitric  acid  (d  1.51).  At  the  end  of  the 
addition  of  the  nitric  acid,  the  reaction  mixture  was  stined  for  2  hr  more  at  a  temperature  from  0  to  5*,  and  then 
was  slowly  poured  into  2.5-3  liters  of  ice  water,  witli  the  temperature  maintained  at  2-5*.  The  precipitate  that 
formed  was  separated  by  suction  filtration  and  was  recrystallized  from  water  vath  the  addition  of  activated  carbon. 
The  yield  was  141.2  g  (75.3  a')  of  a  yellow  compound.  According  to  the  data  from  its  analysis,  it  was  the  sulfate 
of  2-iiitro-4-aminotoluene. 

Found  ‘’/o:  S  7.71.  7.92.  (C7H802N2)2  •  H2SO4.  Calculated  S  7.96. 

From  the  mother  liquor,  by  neutralization  with  sodium  carbonate.  9.4  g  (6.67p)  of  the  free  2- nitro- 4- amino- 
toluene  was  isolated  with  m.p.  77-78*.  The  total  yield  of  2-nitro-4-aminotoluene  calculated  as  the  base  was 
116.34  g  (81.9‘7o). 

2-Nitro*4-hydrox)'tolucne  (III).  Si.xty  grams  of  the  sulfate  of  2-nitro-4-aminotoluene  was  suspended  in 
dilute  sulfuric  acid  [188  ml  II2SO4  (d  1.84)  and  288  ml  of  water]  and  the  suspension  was  cooled  to  ~7*.  To  the 
cooled  mixture  was  added  drop  by  drop  over  the  course  of  3  Itr,  at  a  temperature  of  0  to~5“  and  with  vigorous 
stirring,  a  solution  of  20.8  g  (0.3  mole)  of  sodium  nitrite  in  208  ml  of  water.  The  reaction  mLxture  was  stirred 
for  1  hr  more  at  the  same  temperature,  and  then  dilute  sulfuric  acid  was  added  (960  ml  cone.  H2SO4  and  1705  ml 
of  water)  and  the  solution  obtained  was  boiled  for  3  hr  on  a  salt  bath  at  101-103*.  At  the  end  of  the  reaction,  the 
solution  was  cooled  to  2“  and  the  crystalline  material  w’as  filtered  off,  w^ashed  with  cold  water,  and  dried  in  the  air. 
Thirty-seven  grams  (82*7^)  of  crystalline  product  was  obtained  with  m.p.  76-78*.  From  the  mother  liquor  which  had 
been  diluted  with  water,  an  additional  5  g  of  material  w'ith  m.p.  75-77*  was  extracted  with  methylene  chloride. 

In  all,  42  g  (92.67o)  of  2-nitro-4-hydroxytoluene  was  obtained.  In  this  form  it  was  suitable  for  the  next  stage. 

After  recrystallization  from  petroleum  ether  the  m.p.  was  77-78*.  Literature  data  [10]:  m.p.  77-77.4". 

2  Nitro- 4-merhoxytnluenc  (IV)  [11].  Ninety-eight  grams  of  2-nitro-4-hydroxytoluene  v/as  dissolved  in 
280  ml  of  10%  sodium  hydroxide  solution.  To  the  solution  w'as  added  gradually,  with  stirring,  at  35-40*  over  the 
course  of  70  min,  80  ml  of  dimethyl  sulfate.  At  the  end  of  the  addition  of  the  dimethyl  sulfate,  heating  and 
stirring  of  the  mixture  was  continued  for  3  lir  more,  with  the  pH  of  the  medium  kept  at  about  9  by  the  additional 
introduction  of  50  ml  of  lO^f  sodium  hydroxide  solution.  Toward  the  end  of  the  reaction  the  temperature  was 
raised  to  60°  and  the  niiromethoxytoluene  thathad  been  formed  was  steam- distilled  off.  The  product  was  extracted 
with  methylene  chloride  and  the  extract  wms  washed  with  57'’ sodium  hydroxide  solution  and  water  and  dried  with 
MgS04.  The  solvent  w'as  distilled  off  and  the  remaining  oil  was  distilled  in  vacuum.  The  fraction  (93.33  g)  with 
b.p.  138°  at  11-14  mm  was  collected.  Yield  87.57a  The  compound  upon  cooling,  crystallized  (m.p.  17°).  From 
the  aqueous  mother  liquor,  acidified  with  107o hydrochloric  acid  to  an  acid  reaction  to  congo,  3.35  g  of  the  start¬ 
ing  nitrocresol  was  separated  by  steam-distillation.  The  total  yield  of  2-nitro-4-methoxytoluene  (taking  into  ac-  ' 
count  the  recovered  material)  was  90,37a 

2-Nitro-4-mcthoxybenzaldehyde  (VI).  To  20  g  of  2-nitro-4-methox)tolucne  in  200  ml  of  carbon  tetra¬ 
chloride  were  added  42.4  g  of  N-bromosuccinimide  and  2.4  g  of  fre.shly  re  precipitated  benzoyl  peroxide.  The 
mixture  was  boiled  until  no  succinimide  floated  on  the  surface  of  the  liquid,  which  usually  required  2-2.5  hr. 

At  the  end  of  the  reaction,  the  mixture  was  cooled  to  20*  and  filtered  from  die  succinimide.  The  latter  was 
washed  on  the  filter  2-3  times  with  small  amounts  cf  dry  carbon  tetrachloride  and  die  solvent  was  distilled  off 
from  the  filtrate  in  vacuum.  The  sirupy  residue  was  stirred  with  a  solution  of  24  g  of  sodium  bicarbonate  in 
300  ml  of  water,  the  mixture  was  boiled  for  1  hr,  with  stirring,  and  then  the  product  obtained  was  steam- distilled 
off.  The  distillate  was  cooled  with  ice  water  for  2  lir  and  the  crystalline  material  was  filtered  off.  Fourteen  and 
ninety-two  hundredths  grams  (697'’)  of  material  was  obtained  with  m.p.  94-95*.  From  the  aqueous  mother  liquor 
an  additional  0.63  g  of  material  with  m.p.  93-94*  was  obtained  by  extraction  with  methylene  chloride  and  sub¬ 
sequent  steam- distillation.  The  total  yield  was  15.55  g  (727'’).  M.p.  95-96*  (from  a  mixture  of  chloroform  and 
petroleum  ether). 

Thiosemicarbazone;  m.p.  232.5-233*  (from  alcohol). 

Found  7<’:  N  22.05.  21.61;  S  12.77,  12.57.  C9H10O3N4S.  Calculated  70:  N  22.04;  S  12.62. 
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The  infrared  spectrum  was  identical  with  that  of  the  compound  obtained  by  the  method  of  Krohnkc. 

2,B  *Dinitro-4-methoxystyrene  (VII).  Twenty  grams  of  2-nitro-4-metho.\ybenzaldehyde  was  dissolved 
by  heating  to  50®  in  320  ml  of  methanol,  then  the  solution  was  cooled  quickly,  with  thorough  stirring,  whereupon 
the  aldehyde  separated  out  in  the  form  of  a  finely  cr^'stallinc  precipitate.  To  it  was  added  8  ml  of  nitromethane, 
with  vigorous  stirring;  the  mixture  was  cooled  to  “2®  and  over  a  period  of  15-18  min  a  solution  of  4.64  g  of  so¬ 
dium  hydroxide  in  12  ml  of  water,  cooled  to  0®.  was  added  dropwise,  while  the  temperature  of  the  reaction  was 
kept  not  higher  than  0®,  The  cr>’stallinc  material  went  into  solution,  and  after  some  time  a  precipitate  again 
separated  out.  After  45  min  the  reaction  mixture  was  poured  into  cold  (0®)  dilute  hydrochloric  acid  (22.4  ml  of 
cone.  HCl  and  33.6  ml  of  water).  A  yellow  cry-stalline  precipitate  separated.  It  was  filtered,  washed  with  water 
to  a  negative  reaction  to  Congo,  and  dried.  Seventeen  and  five-tenths  grams  (71%)  of  2,6  -dinitro-4-methoxy- 
styrene  was  obtained  with  m.p,  102-103®,  The  material  recrystallized  from  alcohol  melted  at  103-104*.  Litera¬ 
ture  data  [11:  m.p.  103-104*. 

6-Methoxyindole  ( Vni).  Ten  grams  of  2,6  -dinitro-4-methoxystyrene  was  dissolved  by  heating  to  35®  in  a 
mixture  of  160  ml  of  alcohol  and  200  ml  of  9870  acetic  acid.  To  the  solution  was  added,  in  one  portion  with 
vigorous  stirring  at  25®,  40  g  of  iron  filings.  The  reaction  began  rapidly  and  proceeded  with  the  evolution  of 
much  heat.  The  temperature  was  kept  around  40®;  in  18-20  min  the  reaction  was  over.  The  reaction  mixture 
was  cooled  to  20®.  diluted  with  300  ml  of  water,  and  neutralized  by  the  gradual  addition  of  300  g  of  dry  sodium 
bicarbonate  to  a  pH  of  7-7.5.  From  the  weakly  alkaline  mLxture  the  product  was  steam -distilled  off.  The  com¬ 
pound  (2.1  g)  was  obtained  in  the  form  of  almost  colorless,  lustrous  leaflets  with  m.p,  90-92®,  From  the  mother 
liquor  and  the  subsequent  distillates  another  2  g  with  m.p.  89-90®  was  obtained  by  extraction  with  methylene 
chloride.  The  total  yield  was  4.1  g  (62.570). 

The  6-methoxyindole  was  readily  soluble  in  organic  solvents  with  the  exception  of  petroleum  ether,  from 
which  it  could  be  recrystallized.  It  was  volatile  with  steam.  It  was  soluble  in  boiling  water.  It  gave  a  red- violet 
color  with  Elirlich  reagent.  M.p.  91.5-92®  (from  petroleum  ether).  Literature  data  [1,  6]:  91-92®. 

6-Methoxygramine  (IX).  A  solution  of  2.37  g  of  6-methoxyindole  in  15  ml  of  alcohol  was  added  with 
stining  and  at  a  temperature  of  0  to  “2®  to  a  mLxture  of  3,6  ml  of  257o  aqueous  solution  of  dimcthylamine.  1.7  ml 
of  377'’ fonnalin.  and  4  ml  of  glacial  acetic  acid,  cooled  to  0®.  Then  the  mixture  was  heated  on  a  water  bath  for 
3  hr  at  30®.  At  the  end  of  the  heating  period  the  reaction  mixture  was  cooled  to  10®,  acidified  with  32.5  ml  of 
2  N  hydrochloric  acid,  treated  with  activated  carbon,  and  filtered.  To  the  filtrate,  cooled  to  0®,  was  added  grad¬ 
ually,  at  the  same  temperature,  35  ml  of  207i> sodium  hydroxide  solution.  The  precipitate  that  separated  out  in¬ 
creased  upon  standing  in  a  refrigerator  and  became  visibly  crystalline.  It  was  filtered  off,  washed  with  cold  water, 
and  dried  to  constant  weight.  Two  and  seventy-three  hundredths  grams  (83.27’)  of  crystalline  compound  was  ob¬ 
tained  with  m.p,  90-93®.  For  analysis  the  material  was  twice  recrystallized  from  hexane  and  dried  in  vacuum  at 
50-55®  to  constant  weight.  M.p.  94-95®. 

Found  7o:  C  71.25;  H  7.68;  N  13.70,  13.99,  CiaHieONj.  Calculated  7^:  C  70.58;  H  7.84;  N  13,72. 

6- Methoxyindolyl- 3- acetonitrile  (XI).  A  solution  of  3.26  g  of  6-methoxygramine  in  16  ml  of  anhydrous 
alcohol  was  mixed  at  a  temperature  of  0  to  5®  with  a  solution  of  4.1  g  of  methyl  benzencsulfonate  in  15  ml  of  an 
anhydrous  alcohol.  The  reaction  mixture  was  stined  at  10-14°  for  15-2  hr,  then  a  solution  of  3.8  g  of  sodium 
cyanide  in  6  ml  of  water  was  added  and  the  mLxture  was  refluxed  for  1  lir  and  30  min.  At  the  end  of  the  reac¬ 
tion  the  solution  was  cooled  to  5®  and  poured  into  300  ml  of  ice  water.  A  crystalline  material  separated,  which 
was  filtered  off  and  carefully  washed  with  cold  water.  It  was  dried  at  55-60®  to  constant  weight.  Two  and  fifty- 
two  hundredths  grams  (857»)  of  a  pink  crystalline  powder  was  obtained  with  m.p.  109-111®.  For  purification  it 
was  recrystallized  from  benzene  and  aqueous  alcohol  or  its  benzene  solution  was  filtered  through  a  column  of 
aluminum  oxide  for  chromatography.  6- Methoxyindolyl- 3- acetonitrile  was  obtained  with  m.p.  113-114®. 

Found  7o;  C  71.04,  70.78;  H  5.24,  5.13;  N  15.00,  15.02.  CuHioONj.  Calculated  %  C  70.93;  H  5.42; 

N  15.06. 

6-Methoxytryptamine  (XIl).  a)  Three  and  seventy- two  hundredths  grams  of  6- methoxyindolyl- 3- aceto¬ 
nitrile  was  dissolved  in  300  ml  of  alcohol,  to  the  solution  was  added  3  g  of  Raney  nickel,  and  70  ml  of  hydrazine 
hydrate  was  added  while  the  mixture  was  heated  on  a  water  bath.  Then  the  reaction  mixture  was  boiled  until 
the  evolution  of  ammonia  ceased  (about  1  hr)  and  was  filtered  off  from  tlic  catalyst.  The  filtrate  was  treated 
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witli  activated  carbon  and  the  solution  was  concentrated  to  a  volume  of  50  ml.  To  it  was  added  150  ml  of  water 
and  it  was  cooled.  The  crystalline  precipitate  that  separated  was  filtered  off,  washed  with  dilute  (307o,  and  then 
70V‘')  alcohol  and  ethyl  acetate.  Two  and  two-tenths  prams  (57.8"/o)  of  crystalline  material  was  obtained  with 
m.p.  1.39-140°.  After  recrystallization  from  ethyl  acetate  or  benzene  the  m.p.  was  139.5-141*.  Literature  data 
[1,  5]:  m.p.  140-141°,  142-143°.  From  the  mother  liquor  another  0.74  g  of  material  with  m.p.  138-140*  was  ob¬ 
tained  by  extraction  with  ether.  In  all,  2.94  g  (77%)  of  6-methoxyiryptamine  was  obtained. 

Hydrochloride;  m.p.  219-221°. 

Found  %:  Cl’  15.5,  15.35.  C11H14ON2  '  IICl.  Calculated  %;  Cl'  15.6. 

b)  Two  grams  of  6- me thoxyindolyl- 3- acetonitrile  dissolved  in  40  ml  of  anhydrous  methyl  alcohol,  which 
had  been  saturated  at  0*  with  dry  ammonia,  was  hydrogenated  in  the  presence  of  4  g  of  Raney  nickel  at  room  tem¬ 
perature  and  90  atmos.  In  the  course  of  30  min  the  pressure  fell  by  1  atmos,  which  corresponded  to  480  ml  of  hy¬ 
drogen  absorbed.  After  filtration  from  the  catalyst  and  distillation  of  the  solvent,  the  material  was  crystallized 
from  ethyl  acetate  with  the  addition  of  activated  carbon.  One  and  four-tenths  grams  (70%)  of  material  was  ob¬ 
tained  with  m.p.  139.5-140.5°.  A  sample  mixed  with  6-methoxytryptamine  prepared  previously  by  another  meth¬ 
od  gave  no  depression  in  melting  point. 

c)  A  solution  of  1  g  of  6- methoxyindolyl- 3- acetonitrile  in  40  ml  of  anhydrous  methyl  alcohol  saturated 
at  0°  with  dry  ammonia  was  hydrogenated  in  the  presence  of  0.5  g  of  cobalt  catalyst  in  an  autoclave  at  80*  and 
70  atmos.  The  reaction  mixture  was  treated  in  the  same  way  as  in  the  preceding  experiment.  Six-tenths  grams 
(60%)  of  crystalline  material  was  obtained  with  m.p.  139-141°.  A  sample  mixed  with  O-methoxytryptamine 
prepared  by  another  method  gave  no  depression  in  melting  point. 

SUMMARY 

1.  A  new  preparative  synthesis  of  6-methoxytryptamine  from  p-toluidine  has  been  accomplished. 

2.  It  has  been  noted  that  bromination  of  substituted  toluene  with  two  moles  of  N-bromosuccinimide  in  the 
presence  of  benzoyl  peroxide  with  subsequent  hydrolysis  is  a  convenient  method  for  the  preparation  of  aromatic 
aldehydes. 
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SYNTHESES  BASED  ON  SCLAREOL 

IV.  INTRODUCTION  OF  AN  AMINO  GROUP 
INTO  OXIDATION  PRODUCTS  OF  SCLAREOL 
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By  the  oxidation  of  sclareol  (I)  with  potassium  permanganate,  Ruzicka  et  al.  [1,  2],  prepared  sclareolic 
acid  (11),  an  unsaturated  oxide  (III),  and  a  hydroxyketone  (IV).  Like  sclareol,  we  consider  these  compounds  as 
available  starting  materials  for  amination  [3]. 

In  the  communication  mentioned,  some  conversions  of  sclareolic  acid  are  described,  and  also  the  prepara 
tion  of  an  unsaturated  amine  from  the  oxide  (III)  and  the  hydroxyketone  (IV)  by  the  scheme: 
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Sclarcolic  acid  was  converted  by  the  action  of  diazomethane  to  the  methyl  ester  (V)  and  then  to  the  amide 
(VI).  The  latter  was  reduced  by  lithium  aluminum  hydride  to  1.1.6,10-tetramethyl-5-(4’-amino-3’-methobutyl- 
ol*3’)decalol-6-(  VII), 

In  addition  to  this,  by  the  reduction  of  the  methyl  ester  of  sclareolic  acid  with  lithium  aluminum  hydride 
tile  l.l,6,10-tetramethyl-5-(3'-methobutyldiol-3’,4’)decalol-6  (VIII),  which  has  not  been  described  in  the  litera¬ 
ture.  was  obtained. 

The  oxide  (HI)  and  tlie  hydroxyketone  (IV)  were  converted  to  the  oxime,  which  was  reduced  to  the  amine. 

In  the  process  of  oxirnation,  however,  dehydration  apparently  took  place,  and  instead  of  the  expected  examine, 
mainly  the  unsaturated  amine  (IX)  was  formed 

EXPERIMENTAL 

Sclareolic  acid  (11).  To  a  solution  of  60  g  of  sclareol  in  500  ml  of  acetone  was  added  slowly,  with  stirring 
and  cooling  with  ice,  a  solution  of  105  g  of  KMnO.^  (calculated  for  5  g- atoms  of  oxygen)  in  4.5  liters  of  acetone. 
After  decoloration,  the  solution  was  filtered  off  from  the  Mn02  and  the  acetone  was  distilled  off  on  a  water  bath 
in  vacuum.  The  residue  was  combined  with  the  Mn02  and  the  mixture  was  shaken  in  a  separatory  funnel  with 
crystalline  sodium  sulfate,  dilute  sulfuric  acid,  and  600  ml  of  ether  until  the  Mn02  dissolved  completely.  The 
ether  layer  was  washed  with  water  to  a  neutral  reaction  of  the  wash  water,  and  then  with  lO'/oNaOH  solution. 

After  acidification  of  the  alkaline  solution.  11.8  g  of  sclareolic  acid  was  isolated  by  extraction  with  ether  and 
was  purified  by  recrystallization  from  petroleum  ether.  M.p.  154-15.5“,  The  neutral  products  were  obtained  after 
distillation  of  the  ether,  wdiich  had  been  washed  with  alkali.  Yield  46.6  g. 

Methyl  ester  of  sclareolic  acid  (V).  To  5  g  of  sclareolic  acid  in  60  ml  of  dry  ether  was  added,  with  cooling 
with  ice,  100  ml  of  an  ether  solution  of  diazomethane  (2.4  g  of  CH2N2).  After  2  hr  the  ether  solution  was  washed 
witli  acidified  water  to  decompose  tile  diazomethane,  dried  with  anliydrous  Na2S04,  and  the  ether  was  distilled 
off.  Tile  residue  was  a  crystalline  product  with  m.p.  109“  (from  petroleum  ether).  Yield  4.96  g. 

Found  7n;  H  10.75.  10.69;  C  70.79,  70.69.  C20H3CO4.  Calculated  7o:  H  10.66;  C  70.54. 

Amide  of  sclarcolic  acid  (VI).  Two  grams  of  the  methyl  ester  of  sclareolic  acid  was  dissolved  in  50  ml 
of  methanol  saturated  with  ammonia,  and  the  solution  obtained  was  kept  at  0“  for  120  lir.  The  crystalline  residue 
remaining  after  the  methanol  was  distilled  off  was  washed  with  petroleum  ether.  M.p.  176"  (from  methanol). 
Yield  1.74  g. 

Found  H  10.87,  10.88;  C  70.23.  70.20;  N  4,10.  4.02.  Ci^IljsOjN.  Calculated  7o:  H  10.84;  C  70.10; 

N  4.30. 

1. 1.6.10-  Tetramethyl-  5-  (4*  -  amino-  3*  -  me  thobutylol-  3*  )decalol-  6  (VII).  Into  a  flask  fitted  with  a  reflux 
condenser  closed  with  a  calciiun  chloride  tube  v.'as  poured  an  ether  solution  of  lithium  aluminum  hydride  (1  g  of 
Li.AlIli  in  100  ml  of  absolute  ether).  Over  tile  layer  of  solvent  was  hung  a  cup  with  a  porous  bottom  with  0.5  g 
of  the  amide  of  sclareolic  acid.  When  the  ether  was  heated  and  flowed  from  the  condenser  onto  the  cup,  the 
compound  gradually  dissolved.  After  all  the  amide  had  gone  into  solution,  the  heating  was  stopped  and  the  ether 
solution  was  washed  with  a  saturated  solution  of  Rochelle  salt  to  decompose  the  excess  lithium  aluminum  hydride 
and  dried  with  anhydrous  Na2S04.  After  the  solvent  had  been  distilled  off,  the  crystalline  residue  was  washed  with 
ether.  M.p.  144-145“  (from  methanol).  Yield  0.41  g. 

Found  7o:  H  11.94,  11.93;  C  73.16.  73.11;  N  4.47.  4.51.  CjsHy^OjN.  Calculated  7o:  H  11.97;  C  73.20; 

N  4.50. 

The  hydrochloride  was  prepared  by  passing  dry  HCl  into  the  ether  solution  of  the  amine.  M.p.  212*  (from 
alcohol).  , 

1.1.6.10-  Tetramethyl- 5- (3*  - methobut vldiol-  3'  ,4*  )dccalol-  6  (VIP).  A  solution  of  2  g  of  the  methyl  ester 
of  sclareolic  acid  in  25  ml  of  absolute  ether  was  added  in  small  portions  to  an  ether  solution  of  lithium  aluminum 
hydride  (1  g  of  LiAlFlj  in  50  ml  of  absolute  ether).  After  the  usual  treatment,  1.8  g  of  crystalline  product  was  ob¬ 
tained.  M.p.  148-149“  (from  petroleum  ether). 

Found  7o:  H  11.61,  11.63;  C  72.88,  73.14.  C19H36O3.  Calculated  7o:  H  11.61;  C  73.02. 
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Hydrochloride  of  1.1.10-trxmethyl-6-mcthylenG-5-(3'-aminobutyl)dccalin-  Five  grams  of  the  neutral  frac¬ 
tion  with  b.p.  146-152°  at  1  mm  [a  mixture  of  hydroxykctone  (IV)  and  oxide  (LH)  in  200  ml  of  methanol]  was 
heated  on  a  waterbath  with  6.6  g  of  NH2OH  *  HCl  and  10.1  g  of  Na2C03  for  4  hr.  The  precipitate  was  filtered 
off  and  washed  on  the  filter  with  methanol.  After  the  methanol  had  been  distilled  off,  the  residue  obtained  was 
dissolved  in  ether,  the  solution  was  washed  with  water  to  a  neutral  reaction,  dried  with  anhydrous  Na2S04,  the 
ether  was  distilled  off,  and  the  lesidue  was  distilled.  B.p.  186-190*  at  2  mm.  The  liquid  oxime  obtained  was 
reduced  with  lithium  aluminum  hydride  as  described  above.  After  the  usual  treatment,  the  amine  was  dissolved 
in  ether,  the  solution  was  dried,  and  the  amine  was  precipitated  in  the  form  of  the  hydrochloride  by  passing  dry 
HCl  through  the  solution.  The  crystals  that  precipitated  after  being  washed  with  ether  were  recrystallized  from 
a  mixture  of  acetone  and  alcohol  (2  :  1).  M.p.  254*  (decomp.). 


Found  H  11.41;  C  71.67;  Cl  10.64.  CJSH34NCI.  Calculated  lox  H  11.42;  C  72.01;  Cl  11.70. 


SUMMARY 

1.  A  methyl  ester,  amide,  and  amine  [l,l,6,10-tetramethyl-5-(4'-amino-3’-methobutylol-3’)decalol-6] 
were  prepared  from  sclarcolic  acid. 

2.  From  a  mixture  of  the  oxide  and  hydroxykctone  obtained  by  the  oxidation  of  sclareol,  an  oxime  and 
the  corresponding  amine  [1,1,10- trimethyl- 6- methylen- 5- (3’ -aminobutyl)decalin]  were  synthesized. 
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In  1937  it  was  found  [1]  that  on  acetonation  of  d-ghiconir  acid,  the  latter,  besides  the  product  of  com¬ 
plete  acetonation-  1,2;  3,4;  5,6-triacctonegluconic  acid,  formed  3,4;5.6-diacetonegluconic  acid,  the  structure 
of  which  was  established  with  complete  authenticity  by  the  authors  cited.  Previously  to  the  publication  of  tlie 
above  v/ork  it  had  already  been  shown  in  the  case  of  tartaric  acid  [2]  that  acetone  derivatives  of  a-hydroxyacids 
in  which  an  isopropylidene  group  is  bonded  on  the  one  hand  with  the  alcoholic  group  at  the  a- carbon  atom,  and 
on  the  other,  with  the  hydroxyl  of  tlie  caiboxyl  group,  unlih.e  acetone  derivatives  of  glycols,  arc  unstable  towards 
alkalis,  and  under  the  action  of  the  latter  split  off  an  isopropylidene  group  with  formation  of  salts  of  the  corre¬ 
sponding  a-hydroxyacids.  However,  the  English  investigators  did  not  utilize  this  property  of  acetone  derivatives 
of  a-hydroxyacids  in  the  conversion  of  criacetoncgluconic  acid  into  diacetonc gluconic,  but  for  this  purpose  used 
acid  hydrolysis,  obtaining  as  a  result  a  poor  yield  of  the  product. 

Our  experiments  in  saponifying  triacetoncgluconic  acid  with  hydroxides  of  alkali  and  alkali  earth  metals 
provided  in  every  case  good  yields  of  salts  of  diacctonegluconic  acid.  Such  behavior  in  the  triacetone  derivative 
of  gluconic  acid  permitted  the  proposal  that  this  derivative  would  react  with  an  ammonia  solution  similarly  to 
esters,  with  formation  of  the  amide  of  diacctonegluconic  acid;  the  experiments  showed  that  such  a  reaction  ac¬ 
tually  takes  place,  yield  of  amide  leaving  nothing  to  be  desired. 


According  to  the  rule  propounded  by  Boeseken  [3],  cyclic  a- glycols  can  form  isopropylidene  derivatives 
only  when  the  two  hydroxyl  groups  are  arranged  in  tlie  cis-  position  relative  to  each  other.  This  rule  had  already 
been  used  by  us  [4]  to  determine  the  configurations  of  the  third  carbon  atom  of  glucosaccharinic  acid;  we  then 
conditionally  compared  the  lactone  of  the  polyhydroxyacid  with  the  cyclic  glycols  for  which  the  above  rule  had 
been  propounded,  expecting  that  the  character  of  the  ring  would  not  be  a  condition  determining  the  applicability 
of  thc  riile,  but  that  its  presence  alone  vrould  do  so.  In  this  connection  it  seemed  to  us  of  interest  to  observe  the 
behavior  of  the  lactone  of  a  polyhydroxyacid  of  known  configuration  during  its  acetonation.  The  configuration 
of  gluconic  acid  is  such  that  if  Doeseken's  rule  is  applicable  to  lactones  neither  the  y-  nor  6-lactone  of  this  acid 
would  fonn  acetone  derivatives  owing  to  the  hydroxyl  groups  of  the  cyclic  portion  of  the  molecule;  besides,  the 
6 -lactone  (I)  in  general  should  not  react  with  acetone,  but  the  y  -  lactone  (II)  can  be  acetonated  in  the  5,6-posi¬ 
tion,  i.e.,  in  the  portion  of  the  carbon  chain  which  does  not  take  part  in  the  formation  of  the  lactone  ring. 
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solved  in  25  ml  of  ether,  and  the  solution  passed  tiirough  a  column  of  35  g  of  aluminum  oxide,  the  column  then 
being  washed  with  ether  and  then  chloroform.  The  substance  contained  in  the  ethereal  extracts  crystallized 
rapidly  after  distillation  of  the  solvent,  and  appeared  to  be  triacetone  gluconic  acid  with  m.p.  108-109’  (without 
recrystallization);  it  did  not  give  a  meltittg  point  depression  when  mixed  with  an  authentic  sample  of  this  com¬ 
pound.  The  fractions  washed  from  the  column  with  chloroform  crystallized  more  slowly.  The  crystals  were  washed 
with  ether,  and  after  recrystallization  from  chloroform  had  m.p.  109-110’;  mixed  with  triace  tone  gluconic  acid, 
this  substance  gave  a  sharp  melting  point  depression  (90-98*);  [a]^D  +  83.8*  (  c  1,0;  acetone);  +  76.5’ 

(  c  1.6;  water)  +  50.8’  (72  hr)  ->  +  36.1*  (216  lir). 

Found  C  49.37;  H  6.37;  acetone  26.0.  C^Hj^Og.  Calculated  ‘To;  C  49.50;  H  6.46;  acetone  26.6. 
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SUMMARY 

1.  l,?;3,4;5,6-Triacetonegluconic  acid  reacts  With  an  ammonia  solution,  forming  the  amide  of  3,4; 5,6- 
diacetoncgluconic  acid;  lienee  the  isopropylidcne  group  occupying  the  1,2- position  behaves  as  an  ester  group. 

2.  Of  the  lactones  of  gluconic  acid,  only  the  y -lactone  reacts  with  acetone,  the  y -lactone  of  5,6-mono¬ 
acetone  gluconic  acid  being  formed,  this  being  in  accordance  with  the  rule  regarding  formation  of  acetone  deriva 
lives  established  for  cyclic  cc-glycols. 
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Anisaldehyde  and  pipcronal  find  wide  application  as  scents  and  are  used  in  preparation  of  medicinal  and 
physiologically  active  compounds.  It  was  of  interest  to  synthesize  analogs  of  anisaldehyde  (I)  and  piperonal  (EL) 
containing  fluorine. 


OCF3 


(1)  (H) 


We  prepared  aldehydes  (I)  and  (H)  from  the  conesponding  acids  [1].  As  the  starting  material  in  the  syn¬ 
thesis  of  aldehyde  (I)  we  used  the  acid  fluoride  of  p-trifluoromethoxybenzo?c  acid  described  by  us  previously  [2]. 
The  latter  was  convened  into  the  anilide  and  then  into  aldehyde  (I). 


p-CFaO-C-GlU-Ccf^  p.CKiO-C6H4-C(f^  — 

^MICbHs 

p.CF30-C6ll4-CCl=NC8H5  p-CF30-Ccn4-r,n=NC«Il5  — - 


p-CFaQ-CoIU-CnO 

(I) 

Aromatic  compounds  with  an  a;,tJ-difluorodiox)Tnethylene  grouping  have  been  hitherto  unknown.  A  few 
substances  only  have  been  described  containing  an  (t),tt)-dichlorodiox)Tnethylene  group  [3,  4].  Thus,  reacting 
phosphorus  pentachloride  with  piperonylic  acid,  Barger  [3]  succeeded  in  preparing  the  acid  chloride  of  cj,(j-di- 
chloro-3,4-diox)methylencbenzoic  acid  (IE).  It  was  interesting  to  note  that  the  chlorine  atoms  in  the  dichloro- 
methylene  group  were  exceedingly  mobile.  They  are  readily  hydrolyzed  on  standing  in  moist  air,  3,4- carbonyl - 
dihydroxybenzoyl  chloride  being  formed  from  compound  (IH)  [3]. 


We  found  it  simple  to  substitute  chlorine  atoms  by  fluorine  in  compound  (HI)  using  antimony  trifluoride. 

In  contrast  to  trichloromcthoxy  derivatives  of  aromatic  compounds,  in  which  the  presence  of  antimony  pentachlo 
ride  is  necessary  for  substitution  of  chlorine  by  fluorine,  a  catalyst  is  not  needed  in  fluorination  of  a;,a»-dichlo- 
rodioxymethylene  compounds. 
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From  compound  (IV)  by  the  above  scheme  the  fluorinated  analog  of  piperonal  (H)  was  prepared. 

Aldehydes  (I)  and  (11)  were  oily  liquids  with  a  unique  odor.  On  condensing  them  with  malonic  acid  in 
pyridme  in  tlie  presence  of  piperidine,  the  corresponding  derivatives  of  cinnamic  acid  were  obtained  (V)  and  (VI). 
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EX  PURIMENTAL 

Anilide  of  p -trifluoromethyoxybenzoic  acid.  A  solution  of  14.9  g  of  the  acid  fluoride  of  p-trifluoro- 
methoxybenzoic  acid  [2]  was  mixed  with  a  solution  of  13.4  g  of  aniline  in  25  ml  of  benzene  and  heated  on  a 
water  bath.  The  precipitate  was  filtered  off.  washed  with  water,  and  crystallized  from  methanol.  Yield  15.4  g 
(76.6%).  M.p.  177*C. 

Found  %  N  4.98,  5.09;  F  20.22,  20.33.  Ci4Hio02NF3.  Calculated  %;  N  4.98,  F  20.28. 

p-TTiflucrometliOxyben"aldchyde.  To  a  mixture  of  7.5  g  of  the  anilide  of  p-trifluorornethoxybenzoic  acid 
ground  to  a  pow'der  and  85  ml  of  aniiydrous  toluene,  5.9  g  of  phosphorus  pentachloride  was  added.  This  was  lieated 
on  a  water  bath  while  hydrogen  chloride  was  still  being  evolved.  The  toluen.;  and  phosphorus  oxychloride  were 
distilled  off  under  the  vacuum  of  a  water-jet  pump  at  60-70°  (in  the  bath).  The  residue  crystallized  on  cooling. 
The  imidocliloride  obtained  was  dissolved  in  42  ml  of  absolute  ether,  and  added  at  0°  to  a  freshly  prepared  reduc¬ 
ing  mixture  obtained  by  passing  dry  hydrogen  chloride  into  a  mixture  of  14.8  g  of  anhydrous  stannous  chloride 
and  74  ml  of  absolute  ether.  The  oil  separating  out  was  left  overnight,  the  ether  distilled  off,  and  the  residue 
boiled  with  10% hydrochloric  acid.  The  product  vras  redistilled  w'ith  steam.  The  oil  distilled  off  was  extracted 
with  ether,  dried  with  aniiydrous  sodium  sulfate,  the  ether  evaporated  off,  and  the  product  redistilled.  Yield  3.8  g 
(75.5%),  b.p.  93'  at  27  mm.  n^D  1.4568,  d’^  1.3157. 

Found  %;  C  50.43.  50.76;  H  2.38,  2.39.  CglTgOjFa.  Calculated  %;  C  50.53;  H  2.63. 

Phenylhydrazone.  M.p.  116*  (from  aqueous  methanol). 

Found  N  10.23.  10.28.  C14HUON2F3.  Calculated  %;  N  10.00. 

Dinitrophcnylhydrazonc.  M.p.  239-240°  (from  glacial  acetic  acid). 

Found  %;  N  15.32.  15.36.  Ci4llg05M4F3.  Calculated  %:  N  15.14. 

4- Trifluoromethoxycinnam ic  acid.  1.6  g  of  p-trifluoromethoxybenz aldehyde,  1.6  g  of  malonic  acid. 

3.5  ml  of  pyTidinc.  and  0.1  g  of  piperidine  were  mixed  and  heated  for  3  hr  on  a  water  bath.  The  mixture  was 
cooled  and  poured  into  10% hydrochloric  acid,  the  precipitate  filtered  off,  W'ashed  with  water,  and  crystallized 
from  aqueous  methanol.  Yield  1.8  g  (92.3%),  m.p.  179*. 

Found  %:  C  51.37-,  51.39;  H  2.71,  2.87.  CioH703F3.  Calculated  %:  C  51.72;  H  3.02. 

Acid  chloride  of  (it,cu-dichloro-3.4-diox\Tnethylenebcnzoic  acid.  Prepared  from  piperonylic  acid  [5]  and 
phosphorus  pentachloride.  Yield  86%  B.p.  145*  at  15  mm  [3]. 

Acid  fluoride  of  cu,(j-difluoro-3,4-dioxymethylcnebcnzoic  acid.  45.4  g  of  the  acid  chloride  of  tt>,a^di- 
chloro-3,4-dioxymethylcneben20ic  acid  was  mixed  with  39  g  of  antimony  trifluoride.  The  mixture  then  evolved 
heat  and  vrns  warmed  by  heating  with  a  burner  flame  for  5  min,  and  the  product  distilled  under  the  vacuum  of 
water- jet  pump.  The  product  was  extracted  with  ether,  washed  with  20%  hydrochloric  acid  and  with  water,  dried 
and  redistilled.  Yield  30  g  (82.2%),  b.p.  75-76*  at  17  mm. 

a>.a>-Difluoro-3.4-diox\'methylenebe.nzoic  acid.  2  g  of  the  acid  fluoride  of  ti;,tu-difluoro-3,4-dioxymethyl- 
enebenzoic  acid  was  dissolved  in  acetone,  a  drop  of  water  added,  and  boiled  for  1  lir.  The  acetone  was  distilled 
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off.  and  the  residue  dissolved  in  lO'y^soda  solution.  The  product  was  precipitated  with  hydrochloric  acid  and 
crpiallizcd  from  aqueous  methanol.  Yield  1.3  g  {Sb.1%),  m.p.  153-154*. 

Found  F  18.90.  18.99.  C,H404F2.  Calculated  F  18.81. 

Amide  of  cu,Ct;-difluoro-3.4-dioxymethylenebenzoic  acid.  15.1  g  of  the  acid  fluoride  (J,(j-difluoro-3,4- 
dioxymethylenebenzoic  acid  was  mixed  with  cooling  with  30  ml  of  aqueous  ammonia.  The  mixture  was  stirred 
for  30  min.  The  precipitate  was  filtered  off,  washed  with  water,  and  crystallized  from  aqueous  methanol.  Yield 
14.1  g  (94.670),  m.p.  154-156*. 

Found  %:  N  7.12,  7.13.  QHgOaNFj.  Calculated  7®:  N  6.96. 

Anilide  of  (J.c^^difluoro-3,4-dioxymethylenebenzoic  acid.  A  solution  of  7  g  of  the  acid  fluoride  of  (J.tu- 
dinuoro-3,4-dioxymethylcncbenzoic  acid  in  25  ml  of  dry  benzene  was  mixed  with  a  solution  of  6.4  g  of  anOine 
in  15  ml  of  dry  benzene.  The  mixture  was  left  for  1  hr,  tlie  precipitate  filtered  off.  washed  with  water,  and 
crystallized  from  methanol.  Yield  8.4  g  (88.47o),  m.p.  188-189*. 

Found  7o:  N  5.0,  5.05;  F  13.78.  Ci4»903NF2.  Calculated  7®:  N  5.05;  F  13.72. 

aj,a>-Difluoro-3.4-diox}Tnethylenebenzaldehydc  was  prepared  similarly  to  4-trifluoromethoxybenzaldehyde. 
From  8.1  g  of  tlie  anilide  of  tA;,cj-difluoro-3,4-dioxymethylenebcnzoic  acid  2.7  g  (50.07o)of  the  aldehyde  was 
obtained.  B.p.  65*  at  2  mm. 

Found  7o:  F  20.30,  20.40.  CSII4O3F2.  Calculated  7o;  F  20.43. 

Phenylhydrazone.  M.p.  148-149*  (from  aqueous  methanol). 

Found  7o;  N  10.11.  10.20.  Cj4Hio02N2F2-  Calculated  7®:  N  10.15. 

Dinitrophenylhydrazone .  M.p.  270*  (from  glacial  acetic  acid). 

Found  7o;  N  15.61,  15.63.  C14H8O6N4F2.  Calculated  7o:  N  15.30. 

tJ,(<^Difluoro-3,4-dioxymethylenecinnamic  acid.  A  mixture  of  1.4  g  of  CJ,a^difluoro-3,4-dioxymethyl- 
enebenzaldehyde,  1.4  g  of  malonic  acid.  3  ml  of  pyridine,  and  2  drops  of  piperidine  was  boiled  on  a  plate  for 
3  hr.  then  poured  into  107o hydrochloric  acid.  The  product  was  crystallized  from  aqueous  methanol.  Yield  1.2  g 
(70.67®).  M.p.  175-176*. 

Found  7®:  F  16.35,  16.19.  C10H6O4F2.  Calculated  7®;  F  16.16. 

SUMMARY 

The  synthesis  is  described  of  analogs  of  anisaldchydc  and  pipcronal  containing  fluorine," 4-trifluorometh¬ 
oxybenzaldehyde  and  u. (n- difluoro- 3,4- dioxy-me thylenebenzaldehyde . 
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After  establishing  the  relation  of  norloline  (I),  loline  (H),  and  lolinine  (HI)  to  a  derivative  of  pyrrolizidine 
[1],  there  still  remained  to  be  established  the  location  of  the  ether- forming  oxygen  and  the  side  nitrogen  atom 
in  molecules  of  these  alkaloids.  With  this  in  view,  we  canied  out  Hofmann  decomposition  of  lolinine  (IH),  be¬ 
cause  in  its  molecule  the  side  nitrogen  atom  is  acetylated  and  has  an  inert  character. 

On  reacting  silver  hydroxide  with  lolinine  iodometliylate  des-N-methyllolinine  (IV)  was  obtained  as  a 
crj'stalline,  optically  active  substance,  forming  a  crystalline  acid  chloride  and  nitrate. 


V  /  Clin  \ 

f;7lln  I  )N-CII  ,1  -N/  (-0-)  (=:=) 

/  \  'COClln/ 

(IV) 


The  quaternary  ammonium  base  of  lolinine  was  isolated  as  a  by-product.  On  prolonged  heating  at  120- 
130"C  (2  mm)  this  substance  did  not  split  off  water  and  did  not  distill.  It  is  possible  that  on  decomposing,  a  qua¬ 
ternary  ammonium  base  withatrans-  configuration  was  formed,  as  a  result  of  which  it  was  incapable  of  splitting 
off  water  with  formation  of  a  des  base-  As  a  result  of  several  experiments  it  was  shown  that  formation  of  the 
trans-  form  depends  on  the  quantity  of  water  at  the  beginning  of  the  reaction.  The  undecomposed  quaternary 
base  is  readily  converted  into  the  initial  lolinine  iodometliylate  by  the  action  of  potassium  iodide  or  methyl 
iodide  [2]. 


On  reacting  (AO  with  hydrochloric  acid,  the  group 


,CH, 

-N; 

r.ocii. 


is  split  off  with  formation  of  a  substance 


containing  no  double  bonds.  Evidently,  such  a  course  for  the  reaction  is  caused  by  the  fact  that  one  valence  of 
the  ether- forming  oxygen  atom  is  attached  to  a  carbon  atom  located  in  the  a-  or  0 -position  with  respect  to  a 
teniary  nitrogen  atom.  The  second  valence  of  the  oxygen  bridge  is  directed  to  a  carbon  atom  bound  to  the 
nitrogen  of  the  side  chain. 


It  is  probable  that  with  formation  of  a  vinyl  group  between  carbon  atoms  4  and  5  of  the  bicyclic  pyrroli- 
zidine  sy'stcm  of  oxygen  bridge  in  des-N-methylolininc  becomes  unstable  toward  acids  and  alkalis.  Loline  (H) 
and  lolinine  (III)  under  these  conditions  remain  unchanged.  On  reacting  them  with  excess  hydrochloric  acid  it 
is  possible  that  a  hydraminc  decomposition  of  this  type  occurs  [3], 

On  catal>iic  hydrogenation  of  des-N-methyllolinire  (IV)  one  molecule  of  hydrogen  is  taken  up  with  forma¬ 
tion  of  colorless,  crystalline,  optically  active  diliydro-des-N-methyllolinine  (V),  capable  of  forming  a  crystalline 
perchlorate  and  iodomethylate. 

In  die  case  of  the  iodomethylate  of  dihydro- dtS-N  mcrhyllolininc  (V)  the  second  stage  of  the  Hofmann 
decomposition  proceeds  normally  with  formation  of  dihydro- des-N-dimcthyllolininc  (VI),  This  second  des  base 
is  a  liquid  showmg  optical  activity.  A  perchlorate  could  be  obtained  from  it  successfully. 
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On  catalytic  hydrogenation  of  des  base  (VI)  one  molecule  of  hydrogen  is  taken  up,  and  it  is  converted 
to  tetrahydro-deS'N-dimethyllolinine  (VO).  No  success  was  achieved  in  obtaining  any  crystalline  salts  from  (VII). 

Only  an  amorphous  iodomethylate  is  formed. 


(  WIInlN-Clla)  ( -N(  ]  (-0-) 

V  ^COCIIa/ 

(V) 

\  V,ll3/  \  V-OClla/ 

(VI) 

\  \  'COCII3/ 


(VII) 


No  success  was  achieved  in  carrying  out  three  times  a  Hofmann  decomposition  of  the  iodomethylate  of 
des  base  (VII).  Hence,  it  is  clear  that  there  is  no  hydrogen  attached  to  the  6  -carbon  atom  (in  relation  to  the 
nitrogen).  Accordingly,  the  second  valence  of  the  ether- forming  oxygen  and  the  valence  of  the  side  nitrogen 
atom  are  bound  to  the  6  -  carbon  atom. 

To  confirm  the  location  of  bond  disruption  between  carbon  and  nitrogen  in  the  two  stages  of  the  Hofmann 
decomposition  and  to  clarify  the  question  of  which  carbon  atom  the  second  valence  of  the  O  atom  is  bound  to, 
oxidation  of(VIl)by  the  method  of  Kun-Rot*  [4] was  carried  out.  Two  molecules  of  acetic  acid  were  obtained 
thereby.  This  indicates  that  in  the  first  stage  the  nitrogen  atom  bond  is  disrupted  at  C4,  and  in  the  second  stage, 
at  C7.  If  in  the  second  stage  of  Hofmann  decomposition  the  bond  was  disrupted  at  C3,  and  not  at  C7,  then  we 
would  have  obtained  not  two  molecules  of  acetic  acid,  but  three.  Formation  of  two  acetic  acid  molecules  also 
excludes  tile  possibility  of  the  oxygen  atom  being  bonded  to  C4;  in  this  case  one  acetic  acid  molecule  would  have 
been  formed.  Hence  it  is  clear  that  the  ether- forming  bridged  oxygen  is  located  between  Cj  and  C5.  The  side 
nitrogen  atom  must  be  attached  to  C2  or  C5,  since  both  carbon  atoms  occupy  equivalent  positions  relative  to  the 
tertiary  nodal  nitrogen  atom. 


On  the  basis  of  all  the  above-mentioned  properties  of  loline  (11)  [1]  and  lolinine  (HI)  the  course  of  the 
removal  of  the  ether- forming  oxygen  and  the  formation  of  pyrrolizidine  (VIE)  can  be  represented  by  the  following 
scheme: 


4-  NH2nH3 


The  first  des  base  of  lolinine “ des-N-methyllolinine  (rv)“reacts  qualitatively  with  pyrrole.  All  products 
of  the  Hofmann  decomposition  are  optically  active  substances.  Having  in  mind  also  certain  other  properties 
displayed  on  studying  the  structure  of  loline  (II)  [1]  and  lolinine  (HI),  the  course  of  the  Hofmann  decomposition 
can  be  explained  thus: 


COCH, 


(III) 


COCH, 


HjC 
HjC 

(VI) 


.CHj 

COCH, 


H,C^ 

K,C'' 


Ncm 

'0. 

j  y 

(VII) 


,CH, 

'‘COCH, 


•  Transliteration  of  the  original  Russian. 
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Thus,  norlolinc  (I),  lolinc  (II).  and  lolinine  (UI)  have  the  following  structural  fonnulas: 


From  formulas  (I),  (II).  and  (III),  it  is  seen  that  the  bases  arc  derivatives  of  2-amino-2,5-oxidop)Trolizidine 
and  that  their  molecules  contain  four  combined  rings:  two  condensed  pyrrolidine  rings,  a  tetrahydropj'ran  ring, 
and  a  morplioHne  ring. 

EXPERIMENTAL 

First  St  ace  of  Hofmann  decomposition  of  lolinine.  2  g  of  lolinine  iodomethylate  was  dissolved  in  100  ml 
of  methyl  alcohol  and  treated  with  the  calculated  quantity  of  freshly  prepared  silver  hydroxide  which  had  been 
first  washed  with  methanol.  Ttic  reaction  mixture  was  shaken  until  iodine  ions  disappeared.  Silver  iodide  formed 
during  the  reaction  was  removed  by  suction  and  the  remaining  methanol  distilled  off  under  vacuum.  The  residue 
was  then  treated  with  dry  ether.  The  dcs  base  (IV)  then  passed  into  the  ether.  Yield  1.2  g  (96.8‘7<’).  Des  base  (IV) 
after  rccrystallization  from  absolute  ether  melted  at  50-51*.  (IV)  readily  decolorized  a  sulfuric  acid  solution  of 
potassium  permanganate  and  an  aqueous  bromine  solution. 

ro]*''’D  109.30“  (c  5. Oi  l.  alcohol). 

Found  M  210.23.  CiiHi,,02N2.  Calculated  M  210.27. 

Tile  retnaining  portion  of  the  lolinine  remained  as  the  quaternary  ammonium  base. 

The  acid  chloride  of  dcs  base  (ivQ  was  prepared  by  carefully  mixihg  an  alcoholic  solution  of  (IV)  with  an 
alcoholic  hydrochloric  acid  .solution  witli  cooling.  The  precipitated  acid  chloride  after  rccrystallization  from 
alcohol  melted  at  206*  (with  decomposition). 

[a]^D-23.1*(c  2. 380.  alcohol). 

Found  '7o:  Cl  14.28.  CnHjpOzNa  *  MCI.  Calculated  %  Cl  14.37. 

Acid  bromide  of  des  base  (IV).  To  an  alcoholic  solution  of  (IV)  a  concentrated  aqueous  solution  of  hydro- 
bromic  acid  was  carefully  added.  On  slow  evaporation  of  alcohol  and  water  the  acid  bromide  crystallized.  After 
rccrystallization  from  methanol,  m.p,  was  260-261*  (with  decomposition). 

Found  ^01  Br  27.25.  CullijOzNj  ‘  HBr.  Calculated  Br  27.44. 

Nitrate  of  des  base  (IV).  Conditions  for  preparing  the  nitrate  were  exactly  as  for  the  acid  bromide.  After 
rccrystallization  the  nitrate  from  alcohol,  m.p,  was  190*  (with  decomposition). 

[a]“D-28.6*  (c  2.028,  methanol). 

Found  N  15.4.  CuHigOzNz  •  HNO3.  Calculated  N  15.34. 

Iodomethylate  of  dcs  base  (IVM-  To  a  methanol  solution  of  (IV)  methyl  iodide  was  added.  After  5  min  at 
room  temperature  a  compact  mass  of  crystals  separated  out,  which,  after  rccrystallization  from  alcohol,  melted 
at  256-257*  (with  decomposition). 

Found  I  35.61.  CuIIuOjNz  •  CH3I.  Calculated  I  36.03. 

Conversion  of  the  quaternary  base  into  lolinine  iodomethylate.  0.3  g  of  the  quaternary  ammonium  base 
remaining  after  Hofmann  decomposition  (ID)  was  dissolved  in  0.5  ml  of  methanol  and  2  ml  of  methyl  iodide 
added.  The  mixture  v;as  boiled  for  6  hr.  Excess  methyl  iodide  was  then  distilled  off.  The  residue  crystallized. 
On  recrystallization  from  alcohol  it  melted  at  136-137*.  A  sample  mixed  with  authentic  lolinine  iodomethylate 
did  not  give  a  melting  point  depression.  Yield  0.4  g. 

Cleavage  of  dcs  base  (IV)  on  reacting  with  hydrochloric  acid.  To  2.5  g  of  (IV)  2.5  ml  of  concentrated 
hydrochloric  acid  was  added,  the  mixture  maintained  at  70-80*  for  10  min,  and  then  excess  hydrochloric  acid 
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and  water  evaporated  off  to  dryness.  The  acid  chloride  in  the  reaction  product  then  crystallized  completely. 

After  recrystallization  from  methanol  the  acid  chloride  melted  at  244-246*  (chaning). 

[a]^^D- 85.93*  (c  6.420,  water). 

Found  Cl  18.25;  N  7.14.  CtHiaOjN  '  HCl.  Calculated  Cl  18.50;  N  7.30. 

An  aqueous  solution  of  the  acid  chloride  (with  m.p.  244-246*)  was  made  alkaline  with  40% caustic  potash, 
and  the  free  base  extracted  with  ether.  After  distillation  of  ether,  the  residue  was  subjected  to  distillation  in 
vacuo. 

B.p.  93-94*  at  5  mm,  d®  1.1136,  n“D  1.4910,[a]“D- 30.98*  (c  9.488,  alcohol). 

Found  M  155.87.  CaHiaOjN.  Calculated  M  155.192. 

Catalytic  hydrogenation  of  des  base  (IV).  1  g  of  the  acid  chloride  of  des  base  (IV)  was  dissolved  in  10  ml 
of  water  and  the  mixture  shaken  in  an  atmosphere  of  hydrogen  in  the  presence  of  0.5  g  of  platinum  oxide.  155  ml 
of  hydrogen  was  thus  absorbed  (18*,  718.7  mm).  After  filtermg  off  the  catalyst,  the  solution  was  neutralized  with 
ammonia,  and  substance  (V)  extracted  with  chloroform.  Yield  0.75  g,  m.p.  76*. 

B.p.  159*  at  1  mm.  d®  1.1233.  n®D  1.5065  [afb  +  75*  (c  4.8,  methanol). 

Found  M  212.28.  C11H20O2N2.  Calculated  M  212.286. 

Perchlorate  of  dihydro  des  base  (V).  To  an  acidified  alcoholic  solution  of  (V)  an  alcoholic  sodium  per¬ 
chlorate  solution  was  added.  On  stirring  with  a  glass  rod  the  perchlorate  cyrstallized.  After  recrystallization 
from  dilute  methanol,  the  perchlorate  melted  at  203-205*. 

lodomcthylate  of  dihydro  des  base  (V).  To  0.5  g  of  substance  (V)  5  ml  of  methyl  alcohol  and  1  ml  of 
methyl  iodide  were  added.  The  mixture  was  boiled  for  30  min.  After  evaporation  of  methyl  iodide  and  methanol, 
the  iodomethylate  crystallized  immediately.  After  recrystallizing  from  alcohol  it  melted  at  230-231*. 

[a]“D  +  37.09*  (c  2.4.  water). 

Found  %:  I  36.05.  CuHjoOjNj  •  CH3I.  Calculated  %:  I  35.85. 

Second  stage  of  Hofmann  decomposition  of  lolininc.  2.9  g  of  the  iodomethylate  of  dihydro  des  base  (V) 
was  dissolved  in  200  ml  of  methyl  alcohol,  and  to  the  solution  freshly  precipitated  silver  hydroxide  (from  1.6  g 
of  silver  nitrate)  added.  The  solution  was  shaken  until  icdinc  ions  disappeared.  The  reaction  mixture  was  then 
left  for  24  hr.  The  silver  iodide  was  then  separated,  methanol  distilled  off,  methanol  and  water  residues  being 
removed  in  vacuo  at  90-95“  over  a  period  of  30  min.  Two  liquid  layers  then  formed- a  mobile  and  a  viscous 
one.  To  the  residue  was  added  dry  ether,  in  which  the  mobile  layer  dissolved  completely.  The  viscous  liquid 
(0.3  g)  insoluble  in  ether  was  apparently  the  quaternary  ammonium  base  of  dihydro  des  base  (V).  /\fter  redistil¬ 
lation  of  ether  from  the  ethereal  solution  1.6  g  of  (VI)  was  obtained,  amounting  to  87% . 

B.p.  140-142*  at  1  mm.  d®  1.0226,  n®D  1.4869, [a]®D  +  95.43*  (c  2.732,  methanol). 

Found  M  255.63.  Cj2H22^^^2*  Calculated  M  226.312. 

Perchlorate  of  des  base  (VI).  To  a  weakly  hydrochloric  acidified  solution  of  (VI)  an  alcoholic  solution  of 
sodium  perchlorate  was  added.  The  alcohol  was  then  completely  evaporated.  The  residue  was  treated  with 
anhydrous  alcohol,  and  the  perchlorate  separated  from  inorganic  substances.  After  recrystallization  from  anhy¬ 
drous  alcohol,  the  perchlorate  melted  at  164-165*. 

[a]®D  +89.81*  (c  2.405,  water). 

Catalytic  hydrogenation  of  des  base  (VI).  1  g  of  substance  (VI),  8  ml  of  15%  HCl,  and  0.3  g  of  Pt02  were 
used.  Hydrogenation  was  carried  out  as  for  hydrogenation  of  substance  (IV).  135  ml  (at  15*  and  715  mm)  of  hy¬ 
drogen  was  absorbed.  Yield  of  tetrahydro-des-N-dimethyllolinine  was  0.97  g. 

B.p.  134-136*  at  1  mm,  d®  0.9919,  n^D  1.4748,  [a]^^  +  90.31*  (c  3.2,  water). 

Found  M  226.71.  C12H24O2N2.  Calculated  M  228.328. 
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Oxidation  of  tetrahydro-dcs-N-dimcthvllolinine  (V'll)-  0.6730  g  of  substance  (VIl)  vvas  dissolved  in  140  ml 
of  water,  and  47  g  of  chromic  anhydride  and  80  g  of  concentrated  sulfuric  acid  added  to  the  solution.  The  mix¬ 
ture  was  heated  on  a  tile  for  12  hr  under  a  reflux  condenser.  The  cooled  solution  was  then  made  alkaline  with 
40^0  caustic  soda  solution  and  acidified  with  ortliophosphoric  acid.  From  this  solution  2100  ml  of  distillate  were 
steam-distilled.  Two  100  ml  samples  were  taken  from  the  distillate,  and  titrated  with  0.1  N  caustic  potash  solu¬ 
tion  using  pheiiolphthalcin.  2.64  ml  of  0.1  N  KOH  solution  was  used  in  titrating  the  two  samples,  this  correspond¬ 
ing  to  1.86  moles  of  acetic  acid  per  1  mole  of  substance  (VII).  The  distillate  was  made  alkaline  with  caustic 
potash  solution  and  evaporated  to  dryness.  The  residue  of  dried  salt  was  mLxed  with  the  corresponding  quantity 
of  aniline  hydrochloride  and  heated  in  a  sealed  tube  for  6  hr  at  160-180*,  the  contents  of  the  tube  then  being 
di.ssolved  in  boiling  water.  After  filtering  and  cooling  the  solution,  crystals  with  m.p.  112-113“  separated  out. 

A  sample  mixed  with  acetanilide  did  not  give  a  melting  point  depression. 

SUMMARY 

1.  Hofmann  decomposition  of  lolinine  usually  proceeds  in  two  stages.  In  the  third  stage,  nitrogen  is  not 
split  off  as  trimcthylaminc.  The  second  dcs  base  remains  as  a  quaternary  ammonium  base.  As  a  result  of  the 
first  stage  of  the  decomposition,  des-N-methyllolinine  is  fonned.  with  the  quaternary  ammonium  base  as  a  by¬ 
product,  As  a  result  of  the  second  stage,  dihydro-dcs-N-dimethyllolinine  is  fonned. 

2.  With  hydrochloric  acid,  des-N-methyllolinine  at  a  temperature  of  70-80*  splits  off  the  group 

with  formation  of  a  compound  containing  no  double  bonds. 

3.  Occurrence  cf  alkaloids  of  the  pyrrolizidine  series  in  Lolium  cuncatum  is  the  first  example  among  plants 
of  the  family  Gramineae. 

4.  On  the  basis  of  the  properties  given  above  for  the  tltree  alkaloids,  the  structure  proposed  is:  2-amino- 
tetrahydropyranomorpholino-pyrrolizidine  for  norloline;  2-amino-N-inethyltctrahydropyTano-morpholineo- 
pyTrolizidinc  for  loline;  2-ammo-N-methyl-acetyl-tetrahydropyTano-morpholino-pyrrolizidine  for  lolinine. 
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SYNTHESIS  OF  SEVERAL  4  -  MORPHOLINE - 

AND  1-PIPERIDINECARBOTHIOSULFENEDIALKYLAMIDES 

I.  I.  Eitingon  and  N.  P.  Strel’nikova 
Scientific- Research  Institute  for  the  Tire  Industry 

Translated  from  Zhurnal  Obshchei  Khimii.  Vol.  30,  No.  9,  pp.  3137-3139, 
September,  1960 

Original  article  submitted  September  25,  1959 


Several  1,4-piperazine-bis-carbothiosulfenedialkylamides  have  been  previously  synthesized  and  described 
[1].  The  products  were  tried  as  accelerators  in  sulfuric  vulcanization  of  natural  and  synthetic  rubbers.  With  this 
aim,  as  a  result  of  reacting  carbon  bisulfide  with  morpholine  or  piperidine  in  an  alkaline  medium  and  of  oxi¬ 
dizing  the  condensation  products  of  the  sodium  salts  of  dithiocarbaminic  acids  formed  during  this  reaction 
with  secondary  aliphatic  amines,  we  prepared  four  previously  unknown  substances- 4- morpholinecarbothiosulfene- 
dimethylamide  (I),  4-morpholinecarbothiosulfenediethylamide  (II),  1-piperdinecarbothiosulfenedimethylamide 
(in),  1-piperidinecarbothiosulfenediethylamide  (IV),  according  to  the  schemes: 

\_C(=S)SNa  I  HN(U).n-l  2  — *>  \-C(=S)SN(n)2 -f  Nal -|- III 

/  \ _ / 

(i)n  =  CH„  = 

^-C(:^-S)SNa  f  HN(II)2  f  I2  <  ^-C(=S)SN(H)2  +  Nal  f  HI 

\ _ / 

(III)  U  =  CH„  (IV)  U  =  C,H.. 

EXPERIMENTAL 

Preparation  of  4-morpholinecarbothiosulfenedimethylamide  (I).  Into  a  round- bottomed  flask,  fitted  with 
a  mercury  seal,  reflux  condenser,  dropping  funnel,  and  thermometer,  were  introduced  43.5  g  of  morpholine,  20  g 
of  caustic  soda,  and  200  ml  of  water.  After  cooling  the  reaction  mixture  to  3-5“C,  38  g  of  carbon  bisulfide  was 
slowly  added  with  stirring.  The  mixture  was  then  held  at  15-20“  until  carbon  bisulfide  disappeared  completely, 
after  which  900  g  of  a  25%  aqueous  solution  of  dimethylamine  (225  g)  was  gradually  added  at  the  same  tempera¬ 
ture.  On  completion  of  dimethylamine  addition,  oxidation  condensation  took  place.  For  this  purpose,  127  g  of 
iodine  in  500  ml  of  20%  aqueous  potassium  iodide  solution  was  gradually  added  at  the  same  temperature  to  the 
reaction  mixture-  The  crystalline  precipitate  formed  was  filtered  off,  washed  with  water,  then  alcohol,  and 
dried  in  the  air.  Yield  of  (I)  was  53  g  (50.4%).  After  washing  with  alcohol  the  colorless  crystalline  substance 
melted  at  75-76".  It  was  almost  insoluble  in  water,  readily  soluble  in  the  cold  in  benzene,  d ich lor oe thane,  and 
chloroform,  and  in  alcohol  when  heated. 

Found  %:  C  41.12;  H  6.80;  N  13.58;  S  30.69.  C7H14ON2S2.  Calculated  %:  C  40.78;  H  6.80;  N  13.59;  S  31.07. 

Preparation  of  4-morpholinccarbothiosulfencdiethylamidc  (II)  was  carried  out  similarly.  43.5  g  of  morpho¬ 
line,  38  g  of  carbon  bisulfide,  and  365.5  g  of  diethylamine  were  used.  The  colorless  crystalline  product,  after 
washing  with  water  and  then  with  alcohol,  had  m.p.  44-45".  Yield  of  (II)  was  66  g  (56.4%).  The  substance  was 
insoluble  in  water  and  readily  soluble  in  warm  alcohol. 


/ 

O 

\ _ 

\_ 
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Found  C  46.20;  H  7.85;  N  11.74;  S  27.18.  CgHyONzSj.  Calculated  ‘7o:  C  46.15;  H  7.69;  N  11.96; 

S  27.35. 

Preparation  of  l-pipcridinecarbothiosulfenedimcthylamidc  (HI)  was  carried  out  similarly  to  the  above  two. 

42.5  g  of  piperidine,  38  g  of  carbon  bisulfide,  and  900  g  of  25*70 aqueous  dimethylamine  (225  g)  solution  w'ere 
used.  As  a  result  of  oxidation  condensation,  an  oily  product  was  obtained  which,  after  washing  with  water,  was 
cautiously  dried  at  35-40°  in  vacuo  (5  nim).  Yield  of  the  dark-yellow  oily  substance  (HI)  was  73.5  g  (72*^0); 
d^4  1.1518.  It  was  soluble  m  water,  and  readily  dissolved  in  the  cold  in  alcohol,  acetone, benzene,  chloroform, 
and  dichloroe thane. 

Found  *yo:  C  46.90;  H  7.92;  N  13.49;  S  31.60.  M  206.0.  C8Hi6N2S2.  Calculated  %  C  47.06;  H  7.84; 

N  13.72;  S  31.37.  M  204.0. 

Preparation  of  l-piperidinecarbothiosulfcncdiethylamide  (IV).  S)'nthesis  of  this  substance  was  canied  out 
under  conditions  similar  to  preparation  of  (11).  42.5  g  of  piperidine,  38  g  of  carbon  bisulfide,  and  a  solution  of 

365.5  g  of  diethylaminc  in  200  ml  of  water  were  used.  The  substance  S)Tithesized  was  as  an  oily,  dark-yellow 
liquid;  d^'’4  1.0961.  Yield  of  substance  (IV)  was  78.5  g  (67.6*7o).  It  was  insoluble  in  water,  but  readily  soluble 
in  tile  cold  in  the  majority  of  organic  solvents. 

Found  C  51.50;  H  8.58;  N  11.83;  S  27.65.  M  233.0.  C10H20N2S2.  Calculated  C  51.72;  H  8.62; 

N  12.06;  S  27.58.  M  232.0. 

SUMMARY 

1.  Morpholine  and  piperidine  were  reacted  with  carbon  bisulfide  in  an  alkaline  medium,  followed  by 
oxidation  condensation  of  the  resulting  sodium  salts  of  diothiocarbaminic  acids  with  secondary  aliphatic  amines 
into  the  corresponding  sulfeneamide  derivatives. 

2.  For  the  first  time  the  following  were  synthesized  and  described;  4-morpholinecarbothio3ulfcncdimethyl 
amide.  4-morphoIinccarbothiosulfcnediethylarnide,  1-piperidinecarbothiosulfenedimethylamide,  and  1-piperi- 
dinecarbothiosulfcnedicthylamide. 
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ALKALOIDS  OF  THE  1  -  METH  Y  LPYRROLIZIDINE  SERIES 


m.  ALKALOIDS  FROM  THE  PALMATE  GROUNDSEL 
(SENECIO  PALMATUS  PALL.) 

V.  S.  Alekseev 
Dnepropetrov  Medical  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  3139-3143, 
September,  1960 

Original  article  submitted  September  21,  1959 


Alkaloids  of  the  1-methylpyrrolizidine  (heliotridan)  series,  previously  designated  the  groundsel  (genus 
Senecio)  alkaloids,  have  been  studied  for  over  sixty  years.  However,  successes  have  been  achieved  in  this  field 
only  over  the  last  25-30  years. 

Elucidation  of  the  question  of  the  structure  of  alkaloids  of  the  heliotridan  series  has  been  provided  by 
G.  P.  Men’shikov  [1],  who  prepared  1-methylpyrrolizidine  from  the  alkaloid  heliotrine  for  the  first  time  and 
established  its  structure  as  fully  hydrogenated  1.  2-dip)Trole.  He  also  synthesized  for  the  first  time  optically 
inactive  1-methyl-  and  2-methylpyrrolizidines  [2].  Subsequently,  Adams  and  Rogers  confirmed  for  heliotridane 
the  structure  of  1-methylpyrrolizidine  [3]. 

Alkaloids  of  the  1-methylpyrrolizidine  series  occur  quite  commonly  in  various  botanical  families  (Table  1). 
It  is  possible  that  senesypholine  occurs  ako  in  Simaruba  amara  Aubl.  (fam.  Simarubaceae)  and  Sequoia  gigantea 
Endl.  (fam.  Coniferae  [4]). 

TABLE  1 

Plants  from  Which  Alkaloids  of  the  Heliotridane  Series  Have  Been  kolated 


Family 

Representatives 

Compositae  | 

Several  species  of  Senecio,  Cacalia,  lirechiilcs', 
iXardosmia  laevigata. 

n  orraginaceae 

Several  species  of  Heliotropium,  Cynoglnssum^ 
I'Uhium,  liindera,  Anchusa;  Turnefort  ia 
sibirica,  Linaelofia  anrhusoides,  Trirho- 
desrna  inranuni,  Trarhelantbus  Korolkovii, 
M ukrotumia  echioides. 

Lcgiiminosac  | 

Several  species  of  Crotalaria; 

Cytisus  laburnum,  Adenocarpus  decorticans 
IJoiss. 

Santalaceae 

Sapindarenc 

Grarnineac 

The  sin  rn  M  i  n  k  w  itzianu  m . 

Serjania  lethalis  A.  St.  Mil. 

Lolium  cunealum  Nevski. 
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The  majority  of  the  alkaloids  of  the  l-methylp}Trolizi- 
dine  series  are  complex  esters  and  contain  one  tertiary  nitrogen 
atom,  common  to  the  two  rings  of  thep^-rrolizidine  nucleus. 
Almost  all  of  them  are  split  into  a  basic  (amino  alcohols, 
necines)  and  an  acid  component  on  alkaline  or  acidic  hydrol¬ 
ysis. 

The  similarity  in  the  structure  of  the  alkaloids  inves¬ 
tigated  suggests  that  their  biogenesis  is  similar.  Alkaloids  of 
this  group  actively  take  part  in  redox  processes  occurring  in 
plant  tissues  [5],  where  the  alkaloids  can  occur  in  the  oxidized 
or  reduced  nitrogen  forms. 

Of  the  alkaloids  of  the  hcliotridane  series,  platiphillin 
is  used  in  medicine.  The  alltaloid  tezin  is  used  as  the  standard 
method  of  diplacine  synthesis  [6]  and  of  derivatives  of  a- 
truxillic  acid  [7]- substitutes  for  curare  preparations. 

A  repon  has  previously  been  given  on  the  isolation  of 
a  base  of  composition  C18H23O5N  from  the  palmate  groundsel 
[8].  In  the  present  work  it  is  shown  that  this  base  and  senesy- 
phillin  are  identical. 

In  Table  2  tlie  constants  of  the  base  C18H23O5N,  its  salts, 
and  alkaline  hydrolysis  products  are  compared  with  the  corre¬ 
sponding  constants  of  senesyphillin  and  its  derivatives  [9,  10]. 
On  comparing  these,  and  also  the  U.  V.-and  I.  R.-  absorption 
spectra  of  the  alkaloids,  it  can  be  seen  that  the  alkaloid  from 
the  palmate  groundsel  is  completely  identical  to  senesyphillin. 

I  wish  to  thank  A.  I.  Ban'kovskii  for  general  guidance 
in  the  work,  and  A.  V.  Danilova  for  interest  shotvn  in  the  work 
and  presentation  of  a  sample  of  senes)’phillin. 

EXPERIMENTAL 

Isolation  of  Alkaloids.  From  5.2  kg  of  crushed  roots  and 
rootstocks  of  the  palmate  groundsel  collected  in  October, 

1958,  near  the  settlement  of  Novo-Aleksandrovka  in  the  South 
Sakhalin  region,  alkaloids  were  extracted  by  the  usual  chloro¬ 
form  method  described  previously  [8].  8,1  g  of  a  base  was  ob¬ 
tained  with  m.p.  213-215‘’C:  118.5“. 

From  1.7  kg  of  roots  and  rootstocks  also  collected  there 
in  October,  1959,  alkaloids  were  extracted  twice  with  a  2% 
sulfuric  acid  (1  :  10)  solution.  The  sulfuric  acid  solutions 
were  added  to  20*70  sulfuric  acid  until  the  total  acid  content 
was  4^0,  and  reduced  with  zinc  dust.  The  solution  of  reduc¬ 
tion  products  w’as  poured  off  from  the  residue  (an  ammoniacal 
medium  was  prepared  with  25*70  ammonia  solution)  and  ex¬ 
tracted  with  benzene  and  then  with  chloroform.  The  benzene 
and  chloroform  extracts  were  treated  with  5*70  H2SO4.  The 
alkaloids  were  precipitated  from  the  sulfuric  acid  solutions 
w'ith  25*70  ammonia  solution.  10.8  g  of  a  base  was  obtained 
with  m.p.  216-217  (from  methanol),  A  further  2.6  g  of  a 
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naso  with  ni.p.  215-21G°(from  methanol)  was  obtained  from  the  mother  liquor  after  treatment  with  chloroform 
and  distillation  of  chloroform.  By  paper  cliromatography  (inverted  cliromaiogram,  the  solvent  n-butanol,  satur¬ 
ated  with  a  .q')'' aqueous  acetic  acid  solution)  the  values  obtained  for  RJ  were  O.GO-0.64  and  0.62-0.69  for  the 
base  L^olated  and  forsenesyj)hillin,  respectively. 

Found  7^':  C  64.35.  64.81;  H  7.17.  7.31;  N  4.15.  4.04.  CigH230,-.N.  Calculated  '5''’:  C  64.84;  H  6.95;  N  4.20. 

The  picrate  was  prepared  by  mbeing  alcoholic  solutions  of  the  base  and  picric  acid  and  had  m.p.  185-187* 
(from  methanol). 

Found  C  51.85.  51.85.  52.27;  H  4.69.  4.87;  N  9.59.  9.42.  CigHjaGgN  •  CeHaOjNj.  Calculated 
C  51.24;  H  4.65;  N  9.95. 

The  picrolonatc  had  in.p.  193-195*  (from  methanol)  and  was  prepared  similarly. 

The  nitrate  was  prepared  similarly;  the  crystals  precipitated  after  addition  of  ether.  M.p.  228"  (decomp.). 

Found  %:  N  7.00.  6.86.  C^HjaGgN  •  IING3.  Calculated  N  7.06. 

Saponification  of  the  alkaloid.  2.2  g  of  alkaloid  was  saponified  with  50  ml  of  a  4%  methanol  solution  of 
caustic  potash  on  a  water  bath,  methanol  then  dLstillcd  off  after  1  hr.  tlie  residue  acidified  with  sulfuric  acid, 
and  the  acidic  component  of  the  alkaloid  extracted  with  etlier.  The  ethereal  extracts  were  dried  with  anhydrous 
sodium  sulfate  and  the  ether  distilled  off.  The  syrupy  liquid  crystallized  rapidly.  After  crystallization  from 
benzene,  m.p.  was  136-137*;  [af^D-8.1*  (with  c  ~0.774;  C2II5GH). 

Found  ‘?o:  C  56.70.  56.70;  H  6.84.  6.86.  C10HJ4G5.  Calculated  %  C  56.06;  H  6.58. 

After  the  e.xtraction  with  ether,  the  resieue  was  neutralized  with  soda  and  concentrated  on  a  water  bath, 
and  an  aminoalcohol  (necin)  then  extracted  with  chlorofonn.  After  distillation  of  chloroform,  the  syrupy  yellow¬ 
ish  liquid  was  dissolved  m  boiling  benzene.  After  some  time  necin  crystals  precipitated.  After  crystallizing 
3  times  from  benzene,  m.p.  was  117-118.5";  [a]^D  +  75.4"  (  c  1.76;  CHCI3). 

Found  C  61..34.  61.28;  H  8.58.  8.51;  N  8.66.  8.75.  C8H13G2N.  Calculated  C  61.22;  H  8.44;  N  9.02. 

Absorption  spectra  of  the  base  Isolated  and  of  senesyphillin  in  the  UV- region  were  observed  in  ethanol  on 
an  "SF-4"  spectrophotometer.  In  Fig.  1  absorption  curves  have  ^piax  senesyphillin  and  the  base  isolated 
214  and  216  m/i  and  log  e  3.96  and  3.86,  respectively.  Absorption  spectra  for  the  alkaloid  isolated  and  senesy¬ 
phillin  in  the  IR- region  were  taken  in  vaseline  oil  on  an  "IKS- 12"  spectrophotometer  (prism  of  NaCl)  (Fig.  2). 

SUMMARY 

Senesyphillin  was  isolated  from  the  palmate  groundsel  (Senecio  palmatus  Pall.). 
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LETTER  TO  THE  EDITOR 


STEREOCHEMISTRY  OF  ADDITION  REACTIONS 
AT  TRIPLE  BONDS 

M.  F.  Shostakovskii,  E.  N.  Prilezhaeva,  L.  V.  Tsymbal, 
and  L.  G.  Stolyarova 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  of  the  USSR 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  3143-3144, 
September,  1960 

Original  article  submitted  May  30,  1960 


In  the  literature  there  are  no  data  on  the  stereochemistry  of  addition  reactions  between  reagents  and  the 
triple  bonds  of  diacetylene  or  vinylacetylene  systems,  nor  of  homolytic  addition  reactions  between  thiols  and 
acetylenes.  We  have  now  established  that  the  stereochemistry  of  the  reactions  previously  studied  in  our  labora¬ 
tory  [11,  viz.,  that  of  diacetylene  (I)  with  alkylthiols  (11)  with  formation  of  l-alkylthiobutene-l-ynes-3  (HI),  and 
also  of  substance  (III)  with  (II)  with  formation  of  l,4-dialkylthiobutadicnes-l,3  (IV),  conforms  to  the  following 
scheme: 


The  geometric  structure  of  (IV)  follows  from  the  structure  of  sulfoncs  (V).  which  is  in  turn  demoastrated 
with  the  aid  of  dipole  moments,  UV-  and  IR-spectra,  and  also  by  quantitative  cis-cis  and  cis-trans  (V)  isomeriza¬ 
tion  into  trans-  trans  (V)  by  the  action  of  l^.  Thus,  in  a  nucleophilic  reaction  involving  C  =  C- bonds  in  both  di- 
acctylcne  and  vinylacetylene  systems,  thiols  combine  stcreospccifically  in  accordance  with  the  rule  of  "trans¬ 
addition,"  well-known  for  similar  reactions  between  thiols  and  acetylenes  [2J.  Under  free-radical  conditions  the 
reaction  is  not  fully  stereoselective  and  at  low  temperatures  cis-cis  and  cis-trans  (IV)  mixtures  are  formed  with 
the  latter  predominating,  this  pointing  to  a  considerable  specific  gravity  for  cis- addition  of  the  radicals.  At 
higher  temperatures  isomerization  into  the  trans-trans  form  (IV)  occurs. 

We  have  also  established  that  the  reaction  of  ethanethiol  with  ethylthioethyne  (VI)  [3]  under  both  ionic 
and  free-radical  conditions  is  stereospecific  and  conforms  with  the  rule  of  "trans- addition."  since  (Vn-cis)  is  the 
main  product,  this  giving  the  sulfone  (Vlll-cis). 
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R5-=^ 


f?S 


5R  ACMjCOOO^  SO,R 


fiS’  {-5  +  5'’)  ^^(viit)cis  m.p.  91-92* 

R50, 


(Vlif)  trans  m.p,  150-153* 
'SOjR 


Thus,  under  free-radical  conditions  thiols  can  react  stereochemicaUy  with  various  acetylene  compounds 
in  different  wa)s,  depending,  evidently,  in  each  case  on  the  stability  of  the  two  geometric  forms  of  the  inter¬ 
mediate  radical  RSCH  =  CX  formed.  A  similar  phenomenon  has  been  described  previously  [4]  for  homolytic  ad¬ 
dition  reactions  between  Br2  and  HBr  and  acetylenes. 
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All  abbreviations  of  periodicals  in  the  above  oibliopraphy  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri- 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 
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IN  MEMORY  OF  A.  I.  BOL'SHUKHIN 

/ 

S.  N.  Danilov,  E.  D.  Venus-Danilova,  A.  N.  Orlova, 

A.  G.  Egorov,  and  V.  F.  Kazimirova 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  9,  pp.  3145-3148, 

September,  1960 

On  November  14,  1959,  after  a  lengthy  and  serious  ill¬ 
ness,  Alexander  Ivanovich  Bol’shukhin  passed  away,  one  of  the 
best  instructors  of  the  Leningrad  Pedagogic  Institute,  and  lately 
of  the  Gertsen  Pedagogic  Institute. 

A.  I.  Bol’shukhin,  besides  teaching,  gave  a  great  deal  of 
attention  and  unremitting  effort  to  scientific  research  work  in 
the  field  of  various  sections  of  organic  chemistry,  in  particular, 
that  of  isomer  and,  in  pan,  that  of  polymer  conversion. 

Bom  on  February  20,  1906,  in  the  small  town  of  Usvyat 
in  Vitebsk  Province,  into  a  peasant  family,  he  began  his  work¬ 
ing  life  early.  After  completion  of  secondary  education  in 
1920  he  began  work  in  his  14rh  year  at  the  Usvyat  Forestry. 

In  September,  1921.  he  enrolled  in  the  preparatory  course 
in  the  Physico- Mathematical  Faculty  of  Leningrad  State  Univer¬ 
sity,  During  all  his  student  years  he  had  to  gain  a  living  by 
working  as  a  laborer  at  Finland  Station,  as  a  construction  clerk, 
and  during  senior  university  courses,  as  a  laboratory  assistant 
at  the  State  Polyclinic,  then  at  the  Tubercular  Institute,  and 
elsewhere.  There,  at  the  suggestion  of  S.  N.  Danilov  and  under 
the  guidance  of  E.  D.  Venus-Danilova  he  engaged  in  diploma 
work  on  the  synthesis  of  thyroxine,  the  results  being  published 
in  Zhurnal  Obshchei  Khimii  in  1930  [1],  wherein  were  described  intermediate  products  in  the  synthesis  of  thyrox¬ 
ine”  3, 5-diiodo-4-(4' -ethoxyphenoxy)- nitrobenzene  and  3, 5-diiodo-4-(4'-ethoxyphenoxy)- aniline  and  its  hydro¬ 
chloride  . 

On  completing  University,  A.  I.  was  assigned  to  work  in  the  Timber  Institute,  where  in  the  N.  I.  Nikitin 
Laboratory  he  worked  out  an  original  method  for  determining  bound  sulfuric  acid  in  acetylcellulose  [2];  he  was 
a  coauthor  in  work  on  the  preparation  and  study  of  the  properties  of  soluble  cellulose  triacetate  [3].  From  1930 
to  1935  A.  I.  was  an  assistant  in  the  Department  of  General  Chemistry  at  the  Timber  Academy,  then  in  1936  a 
docent  at  the  Stalin  Communist  Higher  Institute  of  Learning,  where  he  took  part  in  the  compilation  of  "Practical 
Work  in  Chemistry"  [in  Russian]  [4];  at  the  same  time  he  directed  the  Department  of  General  Chemistry  at  the 
Zootechnical  Institute. 

Holding  more  than  one  office  from  1932  to  1936,  A.  I.  was  an  assistant  in  the  Department  of  Organic 
Chemistry  of  Leningrad  State  University,  which  post  afforded  him  the  opportunity  of  carrying  out  scientific 
research  work.  In  these  years,  under  the  guidance  of  E.  D.  Venus-Danilova  [5-7],  he  carried  out  investigations 
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on  the  isomeric  conversion  of  aldehydes  into  ketones.  These  investigations  contained  completely  worked  out 
and  original  material,  and  were  included  in  the  basis  of  his  dissertation  in  the  competition  for  the  scientific 
degree  of  Candidate  of  Chemical  Sciences,  defended  in  1940  at  the  Lensovet  Leningrad  Technological  Institute. 

Remaining  during  the  siege  of  Leningrad  in  the  Great  Patriotic  War,  and  undeigoing  great  privations, 

A.  I.  worked  as  manager  of  the  laboratory  of  the  Main  Waterworks  (where  he  proposed  pipette- droppers  for  quan¬ 
titative  analysis,  later  perfecting  this  idea  [10]),  and  then  managed  the  central  scientific- research  laboratory  of 
the  "Lenvodoprovod"  Trust.  From  1943  A.  I-  was  a  docent  of  the  Department  of  Organic  and  Analytical  Chem¬ 
istry  of  the  Gertsen  Pedagogic  Institute,  from  1947,  a  docent  at  the  Department  of  General  Chemistry  at  the 
Leningrad  Pedagogic  Institute.  Here  also  in  1952  A.  1.  was  chosen  by  competition  for  the  post  of  manager  of  the 
Department  of  General  Chemistry. 

After  the  amalgamation  of  the  l/^ningrad  Pedagogic  Institute  with  the  Gertsen  Pedagogic  Institute  in  1957, 
A.  I.  continued  to  work  in  tlie  combined  institute  as  docent  in  the  Department  of  Inorganic  Chemistry,  his  last 
place  of  employment. 

✓ 

In  the  development  of  work  on  isomerization  of  aldehydes  into  ketones.  A. I.,  together  with  E.  D.  Venus- 
Danilova,  studied  the  dehydration  of  several  alcohols  of  the  polymethylene  and  aliphatic- aromatic  series  with 
the  ide.a  of  using  unsaturaied  hydrocarbons  in  the  preparation  of  a-oxides  [8,9].  Together  with  A.  N.  Orlova,  the 
conversion  of  the  oxide  of  s^rnm.  phenylcyclohexylethylene  was  investigated  [15]  and  of  the  glycol  corresponding 
to  it;  in  tliis  regard,  it  was  shown  that,  depending  on  reaction  conditions,  an  aldehyde  (phenylcyclohexylacetic) 
and  two  isomeric  ketones  (phenylhexahydrobenzyl  ketone  and  benzylcyclohexyl  ketone)  can  be  obtained.  By  the 
action  of  concentrated  sulfuric  acid  l  enzylcyclchcxyl  ketone  only  is  obtained,  i.e.,  the  ketone  into  which  the 
aldehyde  is  isomerized  under  the  same  conditions. 

In  latter  years  A.  I.  undertook  the  task  of  synthesizing  analogs  and  homologs  of  vinyl  acetate  and  of  study¬ 
ing  their  polymerization  into  high-molecular  compounds  analogous  to  vinyl  acetate  polymers.  In  this  field,  to¬ 
gether  \nth  co-workers,  he  carried  out  a  large  number  of  syntheses  of  acetylene  hydrocarbons,  and  from  them,  of 
vinyl  esters  of  lower  aliphatic  acids  of  the  aliphatic  series  [12-14,  16-19].  A.  I.  began  a  study  of  the  polymeriza¬ 
tion  of  many  of  the  complex  vinyl  esters  obtained,  but  death  prevented  completion  of  these  interesting  experi¬ 
ments.  Even  two  weeks  before  his  death  he  was  developing  major  plans  for  achieving  polymerization  of  these 
esters. 


In  1956,  with  guidance  from  A.  I.,  A.  G.  Egorov  completed  and  successfully  defended  a  candidate's  dis¬ 
sertation  on  the  theme  "Products  of  the  Combination  of  Organic  Acids  with  Monosubstituted  Acetylene  Hydro¬ 
carbons." 

The  brilliant  erudition  of  A.  I.  permitted  his  writing  important  courses  on  different  branches  of  chemistry 
in  establishments  of  higher  learning.  He  was  a  talented  lecturer,  capable  of  presenting  the  difficult  questions  of 
the  course  lucidly,  and  was  also  an  excellent  pedagog,  actively  interesting  himself  in  problems  of  instruction  [11]. 
His  newly  published  posthumous  work  is  devoted  to  the  teaching  of  several  problems  in  contemporary  chemistry  [20]. 

During  his  magnificent  and  varied  pedagogic  and  scientific  career  A.  I.  fulfilled  a  great  social  work“ writ¬ 
ing  lectures  for  collective  farms,  state  farms,  and  machine  and  tractor  service  stations  on  courses  to  raise  the  qua¬ 
lifications  of  instructors,  demonstrators,  and  laboratory  assistants.  Besides  this,  in  1935  he  went  out  for  a  lengthy 
period  to  the  Special  Far  East  Military  Zone  on  a  lecture  tour. 

The  untimely  end  to  the  life  of  Alexander  Ivanovich  Bol’shukhin  is  deeply  regretted  “he  was  a  good  com¬ 
rade,  modest,  industrious,  exceedingly  well-disposed  towards  his  fellow  man,  a  cheerful  personality,  a  competent 
and  knowledgeable  chemist  and  teacher  who  carried  out  his  scientific  investigations  and  incumbent  duties  in  an 
extremely  devoted  and  thorough  manner. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Goscnergoizdat 

Gosl<himizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LElIZhT 

LET 

LET  I 

LETIIZhT 

MashgIz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nil  ZVUKSZAPIOI 

NIK  FI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNIIM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR. 

Katcr  Power  Inst. 

State  Sci. -Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci. -Tech.  Press 

State  Power  Press 

State  Cliem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  Preis 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci,  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Ixiningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  List,  of  Railroad  Engr. 

State  Sci, -Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  o'"  Electrical  Power  Plants  and  the  Eleetrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst, 

Ministry  of  Industrial  Construction 

Scientific  Research  Inst,  of  Sound  Recording 

Sci.  Inst,  of  Modern  Motion  Picture  Photography 

United  Sci. -Tech.  Press 

Division  of  Technical  Information 

Div.  Tech.  Sci. 

Construction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab. -Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-  Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Metrology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondenee  Inst, 


Note:  Abbreviations  not  on  this  list  and  not  explained  in  the  translation  have  been  transliterated,  no  furtfier 
Information  about  their  significance  being  available  to  us.  —  Publisher. 
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